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ABSTRACT 



A major study of Canadj-an science education was 
undertaken in 1980 to establish a documented basis for describing the 
present purposes and general characteristics of science teaching in 
Canadian schools, to provide a historical analysis of science 

/ education: in Canada, and to stimulate act ive deliberation concerning 
future options for science education in Canada. As part of this 
study, a national survey was cbhdtxcted to determine : (1) which of 14 
objectives ( represent itig .eight categories of aims contained in ^ ^ 
ministry guidelines) science teachers consider to be important f6r_ 
the level at which they teach; (2) science teachers ' perceptions of 
the effectiveness of thei r teaching in enabling students. to achieve 
these objectives; and (3) obstacles to the achievement of the various 
aims of science education. Factors related to physical faci.lities> 
institutional arrangements, and support. for science teaching were 
also examined^ This vOiiime discusses^^t survey objectives > 
methodology.^ and questionnaire (included in an appendix) used; 
characteristics of the teachers surveyed ; and the findings. Among the 
findings are those indicating that , at the elementary level ; more 

Cmalethanfemale teachers rated sci^ objective as fairly 

or very important and that teachers at ail levels considered 
science-related attitudes important. (JM) 

\ ^ ^ 



* Reproductions supplied by EDRS are the best that- can be mad^ * 

* ^ from the original document. * 



EKLC 



Science Conse*! 
Council d3s sc:-..t> ; ?s 
of Canada du CanaaiJ 



Background Study i2 



1 natJonal iNSTrriTii^F ioucatiOn 

I EmJCATION>\t RESPUROT INFORMATION 

/ CENTER IERiC> 

I V ^J}^ ^ocum«nf Kat be«n jvproduced m 
r<K«Jv«d Irom th« parion or or0«ni2«tion 
originatina It- 
I j J Minof cK«r>0M have been made (o improve 
^ repr(>ducfk>n qualify. 

• PoMtt of view or opin to nt atated in thie doctf- 

do not oeceeaarily rapraieni official NIC 
^ "poeWon Of policy. 



Science Education 
in Canadian Schools 

Volume !! 

StatisHral r)p!f;ih.:icp fr\, 



Canadian Srienrp FHin.^fui! 



Graham VV.F. Orpvvood 



Ism.e A.lam. 



f "^^fiM^SidN to REPRbbUCE THiS 
r JMAtERiAL HAS BEEN GRANTED BY 




TO THE EDUCATlONAi^RESOaRCES 
INFORMATION. CENTER (ERIC)." 




ERIC 



Background Study B2 



in Canadian School^ 

Volume S 

S{a6s6cai DafaBase lor 
Canadian Saence EducaBon 



j April 1984 



3 

f 



Science ebtmeil of JSanad^ 
Idd Metcalfe Street 
17th Floor 
Ottjwa, Ontario 
K1P5M1 

© Minister of Supply and Services, 1984 

Available in Canada through 
authorized bookstore agents 
and other bookstores . 
or by rhail frbrri 

Canadian Government Publishing Centre 
Supply and Services Canada 
Hull, Quebec, Canada KlA dS9 

Vbijs pdUvez egalertlent 

vdiis procurer la version fran^^j^,- 

a I'adresse ci-dessus , '^^^ 

Cajalogue No. SS21^1/52-2-1984E 
ISBN 0-660-11471=2 

\ Price: Canada: $5.50 

• Other countries: $6.60 * 

Price subject to change without notice: 







Backgroti 


nfl Study 32 ^ 



in Canadiail Schoois 

Volume il ^ 
SfatisH^ll Database lor 
CyiadiaSi Sdence SaucaSen 

^aham W,F Oipwood 
Isffle Alam 

with th^ collabdfaMdii d^^ 
Jean-PasGal Sduque , 



ERIC 



GraRam W.F. Ofpwood 

Graham Orpwbod studied chemistry at Oxford University where he re- 
ceived bachelor's and master's degrees. In 1966, fdlldwirig a year at the 
University of Lbhdbh, he began a teaching career that included appbirit- 
mehts at a secondary school in England and at the St. Lawrence College 
of Applied Arts arid Technology in Kingston, Ontario. He returned to 
post-graduate studies in 1975, this time at the Ontario Institute for 
Studies in Education. He received an MA and a PhD from the LJmversity 
of Tbfbr\to, and served as a research officer at OiSfi for a further two 
years. 

In 1980, Dr. Orpwood was appointed as science adviser at the 
Science Council, where he has acted as project officer of the Science and 
Education Study. He has coauthored a book. Seeing Curriculum in a New 
tight, and several articles in the fieJd of science education and curriculum 
theory His current interests are the m^hodology of policy research, 
federal-provincial relations in education and public attitudes to science. 



Isme Alam 

Isme Alam earned her hdhburs degree in Biology from Garleton Univer- 
< sity in 1978. She joined the Science Council of Canada in 1979, con- 

tributing to aJTuHy of irihbvatibri in Canadian industry and later to the 
Sci erice Snd 0aucatibh Study, On bbth studies, she was primarily en- 
gaged in developing surveys fbr the cbllectibh bf data relevant to policy 
formation. Her intere^ in science pblicy research ahd_ statistical analysis 
has led her to the Science arid TecHriblbgy Di visibn bf Statistics Canada, 
where she is developing techniques fbr measuring the extent bf scien- - 
tific and technological activity in Cariada. 



\ 
i 



A 



7 



5 



Contenf s 



Foreword 


15 


Acknowledgements ^ - 


17 


< 


• 


I. Survey Objectives and Melhbdblbgy 


^ _19 


Objectives of the Survey 


19 


Insirument Development 


20 


Instrument Review and Pretest 


20 


Sample Design and Selection 


21 


Target Population » 


21 


Frame 


22 


Sampling Procedure 


23 


Data _CoIlectioi|^ 


24 


Data Processing and Analysis 


26 


^ Editing and Coding 


26 



Weighting ^ 



Sampling Error and Data Reliability - 


27 


Overview of the Report 


27 


t # 

IL Scienci Teacihers 


30 


' peiribgraphiG Ihfbrrhatibh 


30 


Educational Background 


35 


Attitudes Towards Teaching and Teacher Education 


42 


III. Objectives of Science Teaching ' 


45 


Importance of Objectives: Analysis by Teaching Level 


46 


parly Ypars 


46 


Middle Years 

^ 


4? 


S^^v Years 


52 


Importance of Objectives: Analysis by Objective 


52 


Science Content 


53 


Scientific Skills/ Processes 


54 


Science ^^nd Socifty i 


54 


^ Nature of Scienc^e • 


54 


Personal Growth % 


54 


Science-R&lated Attitudes / * 


55 


Applied Science/Technology ^ 


55 


Career Opportunities 


55 


Effectiveness of Teaching: Analysis by Teaching Level 


56 


Early Years 


56 


_______ « 

Middle Years , 


36 


Senior Years ^ 


56 



8^ 



IV. Itistnictidnal Contexts of Science Teaching 60 

Camcuiam Resources ^ ' 61 

Teachers' Backgrounds and Experiences: Inservice Education ^7 

Studjints' Abilities and Interests 70 



V. Physical, Ihstilutibhal ahd^Sbcial Cdhtexts of Science 

Teaching 73 

Physical Facilities \ 73 

Institutional Arrangernents^ " ^ 76 

Supports for Science Teaching 78 



VI. Concluding Commei^s: Questions Raised by the Data 82 



Science Teachers * _ __ _ _ _ _ 82 

Trends in the Age of Science Teachers 82 

Preservice Teacher Education 83 

Work Experience Outside of Teaching 83 

Objectives of Science Teaching 83 

Th e N u m bex Variety and Balance of Objectiv es _ 83 

Changes in the Objectives of Science Teaching 83 

Assessing the Effectiveness of Science Teaching 84 

Instructfenal Contexts of Science Teaching 84 

Factors Affecting the Effectiveness of Science Teaching 84 

Curriculum Resources. __ _ __ _ j 85 

Procelsses of Curriculurh Develdpmerit 85 

Inservice Education 85 



Students' Interests and Abilities ' 85 

Science Teaching for Boys and Girls 85 



10 ' 



I^hysical, Institutional anci Social Contexts of Science Teaching 86 

Physical Facilitic?s and Equipm€?nt 86 

Ihstitutibhal Arrangements 86 

headership in Science Education 86 

Vic?ws of the Importance of Science '86 

Industrial Involvement in Science Education , 86 

V _^ . " 

Appendix A: QuesHbhnaire arid Response Sheet 87 

Appendix B: Saitipiitig, EsHitiatidh arid Sariiplirig Error 

CDniputations 107 

Notes 114 

Additional References 115 

Publications of the Science Council of Canada ; 116 



List of Figures 



Figure 11:1 - Ages oT Teachers . . 32 

Figure 11.2 - Length of Teaching Experience 33 

Figure II. 3 - Teachers' Level of Education by Sex 36 

_ _ _ ^ . _ _ ______ _ . _ _ - s 

Figure II. 4 - Types of Science-Related Employment Experienced 

by Teachers. * 41 

Figure ILS - Teachers' Responses to the Question, "if you had a 
choice, woaid you avoid teaching science altogether?" 43 



Figure III.l - Teachers' Assessments of the importance of 
Objectives _ _ . 48 



le 



li 



Figure V. i - Facilities fgr Science Teaching 73 

Figure V.2 - The Role of Industry in Relatiori to Science ^ - 

Education ^ . 3^ 

Lis! of Tables i 

Tabic I i - Distribution of Grades by Province 22 

Table 1.2 - School and Science Teacher Pbpulatibhfr by Province 23 

/Fable 1.3 ~ School and Science Teacher Samples by Province '24 

Table 1:4 ~ Nun^ber of Schools and Science Teachers Responding 

in Each Province _ _ 25 

Table 15 - Range of Standard Errors By Teaching Level 27 

Table 1.6 - Population Size and Number of Respondents by 

Teaching Xevel 28 



Table 11. 1 - Sex of Teachers. _ _ _ 3i 

Table 11.2 - Ages of Teachers 31 
Table II. 3 - >^ges of Teachers by Sex ^ 32 

Table U.4 - Lengjth of teaching Experie nce 33 

_ _ > 

Table 11:5 - Length of Teaching Experience by Sex 34 

Table II. 6 - Length oF Teaching Experience by School Location 34 

Table II. 7 - Tochers' Level of Education 36 

Table II. 8 - Teachers' Level of Education by Sex 36 

Table 11:9 - Teachers' Level of Education by Length of Teaching 
Experience J7 

Table 11.10 - Teachers' Level of Education iri Specific Subjects 38 

Table 11.11 T Teachers' Level of Education in Specific Subjects 

by Sex 39 

..i ^ - - — / — — - 

Table 11:12 - Time Since Last Postsecondary (2ourse in Specific 
Subjects _ _ 40 



Table 11.13 - Types oF Science-Related Erhplbyrheht Experienced 

by Teachers ?1 

* Table 11.14 - Teachers' Assessments of Their Education , 42 

. . _ _ _ .... ______ _ _ _ y_ _ _ _ 

Table 11:15 - Teachers' Responses to the Question, "If yoa had a 

choice, would you avoid teaching science aitogether?" 43 
.,1^ 

Table 11.16 - Teachers' Responses to the Question, "If you had a 
choice, would you avoid teaching science aitogether?" by SejT _ _ 44 

Table 11.17 - Rea so rLs^_for Avoidin g S cien ce Te aching 44 



Tabie 111:1 - Importance of Objectives: Early Years 47 

^ 

Table 111:2 - Importance of Objectives: Middle Years ^ 49 

Table MI. 3 - Importance of Objectives: Senior Years 51 

Table l!J,4 - Cate^orlesj^ _ _ 53 

Table III. 5 - Effectiveness of Teaching: Early Years ^ 

Taylb III. 6 - Effectiveness of Teaching: Middle Years 58 

TcA?1g III. 7 - Effectiveness of Teaching: Senior Years 59 

_ J- . " ■ 

Table IV. 1 - Obstacles to the Achievement of Objectives 61 

Table IV. 2 - Resources for Planning Instruction . 63 

Table IV 3 - Use of Textbooks by Students 63 

Tabie IV. 4 - Teachers' Assessments of Textbooks 64 

Table lV,5 - Responsibilities for Curriculum Development 65 

Table IV. 6 - Teachers' Participation in Curriculurh 

Development 66 

_ ( _ 

Table IV. 7 - Effectiveness of Ihservice Education 67 

Table IV.8 - Teachers' Participation in Inservice Education 68 

Table IV. 9 - Teachers' Requirements for Inservice Education 68 

Table IV: io - Value of Inservice Education Experiences 69 

Table IV: 11 - Teachers' I'erceptions of the Attitudes of the 

Majority of their Students Towards Learning Science' 70 



12 



13 



TJbie iV;12 - Teachers' Perceptions of their Students' 

Backgrounds anct Abiiities to Undertake Present Science Courses 70 

Table IV.13 - Teachers' Perceptions of Differences in Attitudes 

and Abtlities (Relating to Science Courses) Between Boys 

and Girls 71 

Table IV. 14 - Male and Female Teachers' Perceptions of 

Attitudes and Abilities of Boys arid Girls 71 

Table iV 15 - Eariy-,«'Middle- and Senior- Years Teachers' 
Estimates of the Proportion of their Students Participating in 
Various Science-Related Extracurricular Activities 72 



Table V 1 - Facilities for Science Teaching 74 

Table V.2 - Equipment and Supplies for Science Teaching 75 

Table V.3 - Quality of Facilities arid Equiprrierit 75 

Table 3/ 4 - Subjects Taught; (1) All Teachers 76 

Table V.5 - Subjects Taught: (2) Senior- Years Teachers 

Compared by Sex 76 

Table V.6 - Number of Differerit Grades arid Classes Taught 77 

Table V;7 - Class Size 77 

Table V.8 - Early-, Middle- and Senior-Years Teachers' 

Assessriierits of the Adequacy of Time Allocated to Science at 

Their Level 77 

Table V.9 - Teachers' Assessments of the Type of Leadership 
Available at School and Schbbl-Bbard'Levels 78 

Table V.lb - Views of the Importance of Science 79 

Table VTl - Experience of Industrial Invblvernent in Science 
Ediicatibri 80 

Table V:12 - Benefits of Industrial Irivblvemerit in Science 
Education 80 

Tabic V 13 - The Role of Industry in Relation to Science 

Education 80 



13 



Excellence in science and technology is essential for Canada's successful 
' participation in the information age. Canada's youth, therefore, must 
have a science education of the highest possible quality; This was 
among the main conclusions of the Science Council's recently published 
report. Science for Every Student: Educating Canadians for Tomorrow's World: 

Science for Eve/f Stjidentk^ the product of a comprehensive study of 
science education in Canadian schools begun by Council in 1980. The 
research program, designed by Council^s Science Education Committee 
in cbbperatidri with every ministry of education and science teachers' 
association in Canada, was carried but in each prdvihce and territory by 
sbme 15 researchers. Interim research reports, discussion papers and 
wbrkshbp prbceedihgs fbrined the basis for a series of nationwide cori- 
ferehces during which parents arid studerits, teachers and, administra- 
tors, scientists arid erigirieers, arid represeritatives bf business arid labbur 
discussed future directibris fgr scierice educatibri. Results frbrii the cbri- 
ferences were then used to develbp the cbnclUsibris arid r^cbriiriierida- 
tions of the final report. 

To i;timulate continuing discussion leading tb cbricrete chariges iri 
Canadian science education, and to provide a factual basis for sUch dis- 
cussion, the Science^Councii is now publishing the reisults of the re- 
search as a background study, Scieme Education in Canadinn Schoois, 
Background Study 52 concludes, not with its own recommendations, 
but with questions for further deliberation: 

The background study is in three volumes, coordinated by the 
study's project officers. Dr. Graham Orpwood and Mr jean -Pascal 
Souque. Volume I, Introduction and Curriculum Analyses, describes the 
philosophy arid methodology of the sjtudy. Volume I also includes an 
arialysis bf scierice textbooks used in Canadian schools. Volume 11, Sia- 
tistical Datdhase for Canadian Science Educatiqh, comprises the_results pf_a na- 
tibrial survey bf scierice teachers. Volume III^ Case Studies of Science 
Teaching, has beeri prepared by prbfessqrS Jbhri plsbri arid Thomas Rus- 
sell of Queen's Uriiversity, Kirigstbri, Oritarib, iri cbllaboratibri with^the 
project officers arid a team bf researchers frbrii acrbss Cariada. This 
volume reports eight case studies bf scierice teaching iri actiori iri 
Canadian schools To retain the anonymity bf the teachers whb allowed 
their work to be observed, the names of schools arid iridividUals have 
been changed throaghoat this volume. 
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, * ' As' with all background studies published by the Science Cbuhcil, 
this study represents the views of the auttjors arid hot necessarily those 
of Council. ' * 



James M. Gilmour - 
Director of Research 
Science Council of Canada 
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I. Survey Objectives and 
Methodology 



Objectives of the Survey 

A study pf science education would scarcely be complete without seri- 
ous cbnsideratidri of the views of those itibst intimately involved in the 
day-to-day business of science educatibri, namely the teachers bf 
science at elementary and secondary levels. Their perspective is riot the 
only relevant view, of cbUrseJas other sections bf this repbrt shbw), but 
an appreciation of that perispective w;ss crucial to the achievement bf 
two of the overall aims of the study. Both the dbcumentatibri bf the 
present purposes of science education and the stimulation of delibera- 
tion concerning the future required not only that teachers be consulted 
and their views sought, but also that they become actively involved in 
the discussion of issues that arose during the study: 

This consultati5n process took several forms; but the most sys- 
tematic and comprehensive of them was the survey of science teachers, 
undertaken as one component of the research program and described in 
detail in this volume: Data from this survey can be combined with data 
from other components of the research program (analysis of ministry 
policies, analysis of ti^xtbooks and case studies of science teaching) to 
prbvide a composite picture of science education in Canada toda'y and to 
ihforrh the process of deliberating its future directions. ^ 

The survey was designed to determine: ^ 

• science teachers' beliefs concerning the relative importance of 
various aims of science education; 

• science teachers'|perceptibris bf the effectiveriess bf their teach- 
ing in enabling students tb achieve the various airris of science 
education; 

^« obstacles to the achievement of the various aims of science 
education. 
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Design of the survey involved developing an instrument (a qaes- 
tidnilaire), devising an appropriate sampling technique, planning data 
collection procedures and developing a strategy for processing and 
analysing the data. 

Instrument Peveldpirient _ 

Instrurrient development began in^ early Decerriber 19150 with the cbh- 
struction of a questionnaire item bank based on recent surveys relating 
to science education in Canada arid the United States. Mariy iteriis were 
dropped, others were modified, arid still others were cbristructed to irieet 
the informatiori rieeds suggest^ by bur bbjectiv'es arid by the issues 
raised iri bther parts 6f the study. All pbteritial iteriis were then sorted 
irito tbpical areas bf iriterest t6 the study: 

• gerieral iriEdrriiatibri (age, sex, etc.) . , ' 

• airiis of scierice educatibri ^ 

• : teachers' backgrounds arid experierice (preservice arid iriservice) 

• curriculum resburces (riiiriistry/departriierit gUideliries, text- 
books, etc.) 

• physical facilities arid eqiiipriierit 

• iristitutiorial arrarigeriierits (tiriie allbcatibri, teachirig load, etc.) 
^ • studeritsr^ abilities arid iriterests 

• comriiuriity arid prbfessibrial suppbrt 

From each topical group, particular iteriis were selected arid ar- 
ranged iri a sequerice that wbuld appear logical to the prospective re- 
sporiderit. A preliriiiriary^ versibri bf the questionnaire Was drafted, using 
this process, by May 1981. 

_ ^ ~ ^ " ~ 

Instrument Review and Pretest 

A meeting was held with several expert consultants to assess the iristru- 
ment on the basis of its substance arid technical adequacy. As a result bf 
this meeting, the questioririaire was revised as both objectives arid iteriis 
vyere refined arid clarified. Revisibri^s iri the questibririaire irivblved 
chariges iri wording, sequerice arid laybut of questions. Sbriie questions 
that appeared to be bbsblete were drbpped eritirely arid others were ad- 
ded as required. Iri early Jurie 1981, the revised version was circalated to 
a wider selectibri of reviewers, including ministry' of education science 
officials arid study committee members: 

Iri the June-July. period, both English and French versions of the 
questionnaire were field tested: The English version was tested by 22 
elementary and secondary school science teachers employ^ by the Ot- 
tawa and Carleton Boards of Education. The French yjg^on was field 
tested 65^ six elementary and secondary school science teachers in the 
Quebec Gity area. In both instances teachers were asked to fill out the 
questionnaire and complete an evaluation form in which they reported 
the time taken to answer the questions, identified various problems arid 
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commented on the questionnaire generally and on specific items: The 
French field test wis followed by a discussion with teachers about the 
questionnaire: 

On the basis of the protest analysis and comments by the various 
reviewers, the instrument underwent another 'fbund of revision. By 
mid- August 1981, the final c^aft of the instrument was completed. (See 
Appendix A.) A rationale for the questions was included in an introduc- 
tory letter on the inside cover of the questionnaire, and each. section w^s 
further explained in a preamble. The questionnaire was designed to be 
self -ad ministered. Res poh dents were directed to circle the appropriate 
answers on a separate response sheet (ilsb included in Appendix A). In 
, this way, 162 separate pieces of ihfbrmatibh were collected. 

The questionnaires arid accdmpariyirig rriaterials were printed arid 
brgariized iri packages, which were mailed but in Octbber 1981. 

M - 

Sample Desigit aiid Selectibh 

The sample design and selection procediires were developed in collabo- 
ration with survey experts at Statistics Canada. Three important aspects 
of the sample design were: 

1. target population (sampled population); 

2. frame (list of all members of the population); 

3 sampling procedure (unit sampled, sample size and sample se- 
lection methods). 

Target Population 

The survey was designed for '^teachers of science in Canadian schools." 
The definitions below, which are based oh the terms of reference bf the 
overall study, identify this pbpulatibri more precisely. 

1. "Science" in the context of the survey is taken to cover those 
areas of the school curriculum defin'ed by nriinistries bf_ educa- 
tion as science. This definition usually includes the physical, 
biological and earth sciences but excludes mathematics, com- 
puter science, social sciences, economics arid vocatibrial br trade 
subjects. While this definition riiay appear to be very vagiie, bp- 
eratibrially it is^less so because prbfessibrial educatbrs have, 
withiri ariy given jurisdictibri, a clear serise bf what is arid is ribt 
"scierice/' 

2. "Teachers" in this context refers to all who taught science as 
part, or all, of their teachirig assigririierit during the 1981-1982 
school year. Iricluded, therefore^ are teachers who teach scierice 
as part of ari iritegrated curriculurri, thbse whb teach scierice arid 
bther subjects, arid scierice specialists. 

3. "Canadian schools" refers to publicly supported elehi^ptary 
. arid secondary schools under the jurisdictibri of proviricial arid 
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terntdrial gbverhments. Excluded are private schools and feder- 
f^Jy_4M*t!'^J'^*J^T^^ sc^ as Indian scHoblsJ. 

4. For the purpose of this survey, teachers were divided into three 
groups according to the grade level at which they taught. These 
three levels, called "early,'' "middle" and "senior" years, cbrre- 
spond to the divisions of science curricalam policies in each 
province and tei*ritory; the complete distribution of grades by 



teaching level 


is shown in Table I:! 




* 


Table 1:1 - Dfstributidh of Grades by Prbvirice* 






Province/Territory 


Early Years. .Mi^ldle.^ 


Mfs Seruox Years 


Newfduhdlarid 






10-11' 


Prince Edward Island 




7-9 


10-12 


Nova Scotia • 


K-6 




10-12 


'New Brunswick " 


1-6 


7-9 


. 10-12 


Quebec " ' 


K-6 


* 7-9 


10-11 


Ontario 


K-6 


^ 7-10 


11-13 


Manitoba 


K-6 


7-9 


10-12 


,SasRatchewah 


K-6 


7-9 


10-12 


Alberta 


k-6 


7-9 


10-12 


British Columbia 




8- Id 


11-12 


Northwest Territories 




7-9 


:^ 10-12 


Yokon Tefcritofy 


K-7 


8-10 


■'. . 11-12 


■» At the time of data collection, Newfoundland had 
grade 12 program. 


not yet 


implemented its 



Frame 

Having defined the population, we were concerned next to find a sam- 
pling frame from which teachers of science could be drawn. Such ^ com-, 
plete listing of teachers is not available, and we therefore sampled 
schools for which complete Hsts'were available. The school lists were 
obtained from the Education Division of Statistics Canada and frorn the 
Mihistere de rEducatibn, Gbuverhemeht du Quebec. They were found, : 
to be complete and to include very few extra schools (private schools;,' 
for example). - ' ^ 

Table 1.2 shows the riUmber of schools and science teachers in each 
province: The figures for schools have been obtained directly from our \ 
sampling lists while those for science teachers have been estimated from 
the responses: (See Appendix B for calcuiations.) 

r 
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Table 1:2 - School and Science Teacher Populations hy 

Number of 

Province I^umber of Sch'ools Science Teachers 



Newfoundland 671 5 432 

Prince Edward isUnd 67 ' 465 

Nova Scotia ' 599 ^ 4 167 

New Brunswick 465 2 766 

Quebec * 2 340 17 840 

Ontario 4 530 34 074 

Manitoba 715 4 369 

Saskatchewan 951 ^ 4 682 



Alberta 1 391 8 527 

British Colunibia 1 82l l5 504 

Northwest Territories 70 434 

Yukon Territory lA ' 144 



Canada 13 644 . 98 404 



SarnpUn£ Procedure ^ 

The fblldwirig procedure was used to select as representative a sample of 
science teachers as possible: 

1. The country was stratified by region^ and by^ province (or 
territory). 

2. Within each region, science teacHer sample sizes were cal- 
culated separately for each teaching level (early, middle arid se- 
nior) on the basis of estimated population sizes for each level,^ 
the fiesired degree of regional data reliability,^ the anticipated 
response rate,^ design effects^ and considerations of cost:^ (See 
Appendix B.) 

3. The regidrial samples were proportionally allocated to' each 
province or territory within that region while adjusting provin- 
cial sample sizes to ensure the desired provincial data 
reliability:^ 

4. The lists of schools were stratified as follows: (i)hy province 
and territory; (ii) by school level (elementary/secondary);* 
(iii) by type of school location (urban/rural).^ Using this figure, 
the number of science teachers was estimated fo? every school 
in a giver* province. ; 

5: Schools were selected systematically from the list until the ap- 
propriate number of science teachers for each satnple (as cal- 
culated in steps 2 and 3) was obtained. 

6: All teachers of science in selected schools were potential re- 
spondents to the survey. 
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The sarriplirig procedure described above was^^ed in the case oF all 
provinces except British JZdlumbia, where the Learning Assessment 
Branch oF the Ministry oF Education conducted the sample selection (ac- 
cording to bur specifications of sample sizes by teaGfiifig level, while en- 
suring adequate regional .re|keser\tat within the provihcej. In the 
Yukon and Northwest Territories, and at the secondary school level iri 
Prince Edward Islar*, a census of schools was conducted because the 
number Of science teAhers in thbse'jurisdictibhs was too small to war- 
rant sampling. Table 1.3 shiJws the sizes of the resulting samples. 

Table 1.3 - School and Science Teachet Samples by Province 

_ . . • - . _ _ _ _ _ ■_ Number of 

^ Prbvirice ' * Number" of Schools Science Teachers 



Ncwfoun_dland 


135 


725 


Prince Edi^ard Island ' 


" 31 


186 


Nova Scotia 


79 


504 


New Brunswick 


69 , 


418 


Quebec 


128 


774 


Ontario 


140 


887 


Manitoba 


7b 


416 


Saskatchewan 


Its 


522 


Alberta 


153 


799 


British Columbia 


210 . 


1 056 


Northwest Territories 


70 


434 


Yukon Territory 


24 


144 


Canada 


1 227 


<^S65 



_ i 
Data Cbllcctibri 

Packages of questionnaires and related materials were niailed to princi- 
pals of selected schools in October 1981. Each package contained a letter 
from ah official of the provincial rhihistry of efiucatibh, a letter from the 
Science Council of Canada, a control form, ah ihstructidh sheet, a 
postage-paid postcard and envelope, and several questionnaires \f\ un- 
sealed envelopes fdt teachers. The letter from the ministry of education,, 
which was also included in the teathers' envelopes, indicated the miniis- 
try's support ,for the Science Council's study and encouraged both 
teachers and principals to participate The letter addressed to the school 
principal described the survey and the principal'^ roie in it, stressing that 
participating schools and teachers would not be identified: The instruc- 
tion sheet outlined the role of the principal in greater detail. Principals 
were requested: to return the postcard in order to acknowledge receipt 
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of the materials and to ihFontf us if additional questionnaires were re- 
quired; to forward questionnaires in unsealed envelopes to teachers 
teaching science; to collect response sheets sealed in envelopes From 
^teachers; to record the nupiber of questionnaires distributed and re- 
turned on the control form; and to enclose and return the control forrii 
and sealed teacher envelopes in the larger postage-paii envelope pro- 
vided. Principals were requested to return the response forms by 
31 October. 

A week after mailing, we began to receive responses from schools. 
As each patkage arrived, the dateit was received, the school co^le and 
the data on the canKol form were keypunched brvtd a cornputer file and 
also recorded Dn a hard-copy listing of sample^ schools, B^'tSe end of 
October, the school response rate wag rdiighly 33 per cent; this figure al- 
most doubled by mid-November. On 26 November, a tharik-you/ 
reminder postcard was mailed out to aU sample schools in order to 
increase responsej-ates fufther: This procedure had little impact, and we 
decided in Janqary to conduct a follow-up by phone. Approximately 
35b schools across the country were phoned, boosting response rates a 
further 5 to io percentage points: ^ 

Table 1.4 shows the final number of responding schools and teach- 
ers in each proyirice. These responses represen^-an overall response rate 
for the national s^ple of ^2 per cent (schools) and 61 per cent (teach- 
ers). The teachef response rate was computed by rnultipiying thejver- 
age teiicher response rate withm responding schools (approxim^fiy 85 



Tabic \A - Number of Schools and Science teachep Responding in Each 



Province 







Number of 


Province 


Number of Schools 


Science Teachers 


NcvvfoundJdhd 




401 


Tri nee Edward Island 


22 


117 


Nova Scotia 


63 


364 


New Brunswick 


54 


310 


Quebec 


69 


320 


Ontario 


ids 


567 


Manitoba 


54 


263 


S.v^kafchcwah ~, 


87 


356 


Alberta 


105 : 


455 


British ColuitibU 


182 


79i: 


Northwest Territories ^' 


44 


206 


Yukon Territory 


10 


4» 


C.inad.i 


879 (72%) 


4 206 (61%) 
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per cent as estimated From control form data) by the overall school re- 
sponse rate (72 per cent). 

Response rates of various subgroups in the population were exam- 
ined io order to determine whether or not there is variation among these 
subgroups. For example, we analyzed response rates For each province 
by school level (elementary/ secondary) and type oF school Ibcatibh (ur- 
bari/rura^). Had we Found dlFFe rent response rates For the various sub- 
groups, it would have suggested that certain segments oF the population 
were either over or uhderrepreserited in the sample. However, we found 
few differences in response rales in either case, indicating that the sam- 
ple is Fairly reppesehlative in these respects. 

Data Processing and Analysis : 

Upon receipt, each response Form was given a two-digit identifying 
code (in addition to the Four-digit school code already on the school 
package) so that each responding teacher would have a unique ideritifipr 
For keypunchers and, subsequently. For computer files. 

Editin)^ and Coding ^ 
Response sheets, consisting mainly of- selF-coded answers, were in- 
spected For various problems and then edited manually. For instance, it 
was necessary to resolve multiple responses to items for which only one 
response was allowed. In such cases, we had to decide whether there 
was actually adequate inFormatio-n From other questions to assign a par- 
ticular answer, or whether to consider the multiple response as missing 
data Generally, questions with multiple responses were treated as miss- 
ing information. One question, which cbhccrhed the textbook used by 
students, was coded Frorri a«precbdcd list bF textbbbks developed from a 
lii>t i)F provihcially approved texts. . 

Hdited and coded respbiise Forms were then ready to be keyed to 
ma>;rietic i4pf Keypunching crmrs were checked (by a process called 
"vorlFic atiori^') tc:i reduce errors to less than five per cent. In order to cor- 
rect For several types oF errors resulting from keypunching and from 
problems iri response, a thorough machine cleaning of the data was 
initiated 

Researchers nsod a computer to scan the data for illegitimate codes 
that niigiit liavo been created by keypunching errors. tsJext, they identi- 
Fied ii^giral inconsistencies and improbabilities (For example, a teacher 
says he is ru)t i urrently teaching science and then^ in a subsequent cities- 
tion, says he teaches biology). To resolve these prbblcfms, researchers 
scanned the Driginal response Forms. This entire process allowed re- 
searthers to ai cjuire high quality data by iriihirhi/irig errors other than 
sampling errors 

I 
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The probability that ahy_giveh teacher would be selected was hot uni- 
form across the country. To ensure high quality sainples. We sarnpled a 
greater proporhon of teachers ixoju smaller provinces than from larger 
provinces; we also sarhpled a greater prbpdrtioh of secondary school 
teachers than elementary school teachers^Td counteract this imbalance 
arid to adjust for ridrirespbnse,«every teacner's respdrises were weighted 
to ensure that4the resUltirig riatidrial estimates wdUld reflect the trUe bal- 
ance df dpiriidris iri the pdpulatidri. The riiethdd of calculating weights is 
described iri Appendix B. 



Sampixng Error and Data Reliability 

Sampling error is the error resUltirig f tdni studying a pdftidri, rather than ^ 
all members, of a populatidn. It is the difference between the pQpulatidn 
estimates obtained from repeated samples and the true pdpulatidri^ 
vaiae, and depends on the size of both population and sample, the varia-^ 
biiity of the particular characteristic in the population>:the design'qf th^ * 
sample and the method of estirnation Generally speaking, as the sample 
size increases the sampling error decreases: The santplin^ e^or is Qsaajiy 
expressed as the standard error of an estimate Details df; the method 
used to estimate standard errors can be found in Appfendix B., 

<DuT sampling procedure, as outlined in the previous section, at- 
tempted to minimize errors due to sampling by selecting the rnost feasi- 
ble and efficient design, taking into accodnt the extent of sampling 
errors anticipated in the data. The^e errors have been calculated for esti- 
mates on the. basis of actual data- ; 

Table 1.5 presents (as a general guide) the range of standard errors 
for national estimates by teaching level. In geheral, errors appear to be 
quite small. This implies a fairly narrow confidence interval and there- 
Fore a relatively high degree of reliability of; our national estimates. 



Table 1:5 - Range of Stai\dard Errors by .Teaching^ L^vel* 

Ejriy*^*'^"=*=**»/Middl^ Senior 
Ran^^o of Hrrors 0 01-3 08 0 0ar5.30. 0:02-2:43 

•* Figures shown jro percentages ' ^ ^ 

^^'."^ - - - 



Overview of the Report 

In general, this report is restricted to national data: Estimates for each 
province are available in scp>arate provinciai supplements to the report; 
In subsequent chapters, wo report the estimates by teaching level (early, 
middle and senior years). For most chapters, a written text summarizing 
the hi^hli^hts of the data is providjed, followed by the tables to which 
the summaries refer. In Chapter Ilf, however, the tables appear in the 
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text for the convenience of the reader. The text oF each chapter is di- 
vided into various topical sections in which data about a particular sub- 
ject is discussed. Tables follow a similar pattern; a cbrnment is usually 
provided to summarize the ^ata in each table. ; * 

The major tabulating variables used For data in this report are 
teaching level, school location, sex, age and length of teaching experi- 
ence. We have reported all estimates as percentages of science teachers 
^ responding to various choices for particular questionnaire iterns. 

Population size (as estimated from data) and number of respon- 
dents for each teaching level are compared in Table 1.6. In general, esti- 
mates are based on the number of respondents to the survey as a whole, 
and the number of teachers responding to each question is therefore not 
reported in the data tables in subsequent chapters. Figures do not ex- 
actly add up to idd per cen t for such tables, as the proportion of teachers 
not responding, or responding irnproperly, to individual questions is hot 
^repprtedl However'; in tables where tw5 variables are crdsS'tabulated, 
numbers of respondents are shown, arid figures for such tables do add 
up to approximately 100 per cent. ^ 

Table 1.6 - Popuiation Size and Number of Respondents by teaching Level 

Early Middle Senior - Total 
Popui^tioa . 78 699 12 132 7 573 98 404 

Sample (Respbhderits) 1 703 1 346 1 157 4 ? . Q 6 

Chapter 11 presents the demographic characteristics of science 
teachers such as age, sex and length of t€^3ching experience^ Chapter 11 
aisd presents data relating to the professional and ^Q^^jnic background 
of teachers - degrees, namber of courses in matjR^matics, science and 
education, and time elapsed since a course was taken in those subjects. 
Data concerning employment in science-related jobs is described in this 
chapter as well. Finally, data relating to teachers' attitudes towards 
science teaching and teacher education is presented. 

Chapter III is concerned with teachers' views about the aims of 
science teaching and with their achievement or hohachieverheht of 
those aims. _ 

Chapter IV describes the instructional contexts of sciiehcie teach- 
ing - obstacles to the achieverneht of aims, textbooks and other cur- 
riculum resources used, types of ihseryice experiences arid their value to 
teachers, and students' abilities and interest in science. 

Chapter V presents Information concerhing the physical, institu- 
tional and social contexts of science teaching.. "Physical context" refers 
to the availability arid quality of physical facilities arid equipriient. "In- 
stitutional context" refers to the tirne allotted for teachirig science, class 
size and teaching load. The "social context" includes the attitudes of 
peers, principals, parents arid s<?hCK3l trustees to science teaching and 
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teachers. Th<? involvement of industry in science C( 




ion is also exam- 



ined here. 

Chapter VI contains comments about information in previous 
chapters. It fbcusses particularly oh questions raised by the data. 

Finally, the report contains two appendices. Appendix A provides a 
copy of the iristriimerit arid respbrise sheet, and Apperidix B cbritairis 
technical irifdrmatibri cbricerriirig estiniatibri prbcedUres, standard errbrs 
arid the reliability bf data. 
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IL Science Teachers 



On(^ of the most important parts of the database for tf^ose deliberating 
over ciirficuium change is that which describes the teachers of science - 
who they are, the type of bc(ckground they bring to their work, their 
attitudes towards teaching, and so on. Since the respondents to this sur- 
vey questionnaire were all teachers, all the data reported here can con- 
tribute to this information: However, some questions were particularly 
intended to elicit information about the respondents themselves, and 
Tables 11. 1 to 11.17 summarize these results. The'infbrmatibn given here 
is of three kinds: *^ 

• Demographic information (sex, age, length of teaching experi- 
ence) (Tables II.1-II.6) 

• Educational background (including employment other than 
teaching) (Tables 11.7-11.13) 

• Attitudes towards teaching and teacher educatibh (Tables 
11.14-11.17) _ 

With each table of data is a "comment" which highlights the ihForma- 
Hon contained in the table. In addition^ some general observations about 
the results of each section are given below. 



Demographic Information - . _[ 

The results of the survey show that science is taa^t by a teaching force 
that (above the early-years level) is predominantly male, is largely in the 
26 to 45 age range, and is relatively experienced (10 years or more) in 
teaching: 

The early years are dominated by female teachers in a ratio of 3;1. 
But a comparison of the ages or years of experience of early-years teach- 
ers by sex (Tables 11.3 and 11.5) shows that a change is takirig place. 
Specifically, 47.2 per cent of female early-years- teachers haye 14 
years of experience or more, compared with 34.7 per cent of male early 
-years teacRers. Thirty-one per cent of female teachers have less than 10 
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years of experience compared with 38.3 per cent of male teachers. These 
figures suggest that, at this level, a small bat definite shift in the balance 
between sexes is taking place: A corresponding trend in the other direc- 
tion can be detected at the senior-years level: There, only 10 per cent of 
male teachers have fewer than five years of experience, compared with 
28.1 per cent of female teachers. These figures suggest that the current 
balance of males to females (8:1) may be changing, albeit slowly. As 
noted in the comment on Table II. 1, there is considerable provincial 
variation in these particular figures. 

A comparison of Tables 11.2 and 11.4 shows that the ages and lengths 
oF teaching experience oF teachers are related. However, Quebec teach- 
ers te^ to be older, on average, than those in other provinces, especially 
at the early-years level, where 60.8 per cent of Quebec teachers are over 
35. By contrast, teachers in Newfoundland and in Alberta are relatively 
younger, especially at the middle years, where 7l.l per cent, (in New- 
fouhdlahd) and 68.0 per cent (in AlbertaJ are 35 Or younger. Male teach- 
ers, in general, are slightly older and significantly more experienced than 
female teachers. Teati^rs in urban areas also appear to be relatively 
more experienced than those in liiral areas. 



Table II.l - Sex of Teachers* 

Sex Early Middle Senior 

Male 22.1 69.4 88.0 

Female 77.1 30.2 11.9 

* Figures shown are percentages. 
Comment: y 

Thcse^results wiII^robaJ)l^^ 

provincial data. vary. significantly. For example, at the early-years_leveb 10 per 
cent of Quebec teachers are male, compared with 35 per cent of Manitoba 

teachers. ^ 



Table II.2 - Ages of Teachers* 



Age (years) Early * Middle Senior. 



Under 26 8.7 7.6 3.6 

26-35 42.4 48.7 34.9 

36-45 32.6 32.1 40.9 

46-55 li.5 8.6 • 15.7 

Over 55 3:8 . 2:5 4 6 



Average Age 36 35 39 

* Figures shown are percentages; , 
Comment: 

Teachers at tlie sen ipr^^ those at the early-years level; 

those at the middle-years level are the youngest of all. 
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Figure IM - Ages of Teachers 

60 




under 26 26-35 36-45 46-55 56 + 

Age 



Table II.3 - 


Ages of Teachers by Sex"" 














Early 


Middle 


Senio 


r 


Age 


M 


F 


M 


F 


M 


F 


Under 26 


3.3 


10.3 


3:7 


16:6 


3:4 


116 


26-35 


51.6 


40.2 


53.5 


38.1 


33.2 


41.5 


36-45 


30:8 


33:4 


32:2 


32.2 


43.3 


26.8 


46-55 


9.0 


12.3 


7.8. 


10:3 


15.3 


16.5 


Over 55 


.5:1 


3:5 


2.6 


2.5 


4.6 


3.3 


(N) 


(414) 


(1 272) 


(1 066) 


' (275) ' 


(1 018) 


(139) 



*_Figures shown are percentages. 

Comment;^ ^ ^ : 

Male teachers are somewhat older than female teachers. 
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Tabic Ih^-- l^Migtft ol tgadttffg Experienced - : 



Years of Experienoi Early Middle Senior 

1 year - ' " 3.1 6.5 ; 2.1 « 

2-5 years ; 15.2 16.5 ,9.4 

6-9 years 14.4 21.6 ' , 15,0 

10-13 years 22.7 . 17.0 * 22.9 

14 years or more 44.0 37.9 50,2 



*_ Figures shown are percenfages: 
Comment: 

More than half of the science teachers have more than 10 years' experience: 
Teachers at the sehidr-years level are somewhat more expenehced. 



Figure 11,2 -_ tength of Teaching Experience 




1 2-5 6-9 10-13 14+ 



Years 



X 



Table IL5 - Length of Teaching Experience by Sex* 

Early Middle Senior 



Experience 


M 


F 


M 


F 


M 


F 


i-5 years 


21.1 


17.7 


.17.6 


35.9 


10.0 


28.1 


6-9 years 


17:2 


13.3 


23.4 


17.4 


14.4 


m 


- lb- 13, years ' 


26.8 


21.6 


16.8 


17.9 


' 24.4 


13,2 


■14 years or more 


34.7 


47.2 


42.1 


28.6 


51.1 


40.8 


m 


(411) 


(1 272) 


(1 065) 


(274) 


(1 017) 


(138) 



Figures shown ar^ percentages. 
Comment: ' J.-^ 

A t t he . m iddi c - and sVnio r^y ^a rs [e vel s,_ male teach ers_ a re more expe rienced than 
femalp teachers. At the early-years level, female teachers are slightly more 
expfefienced; • • ^. ^ , . ' 



Table 11:6 - Length of TeacHirtg Experience by Srhool tocatioji* _ . 

Bariy Middle Senior 



Fxperience 


Urban 


. - Rural 


Urban 


Rural 


Urban 


Rural 


1-5 years 


7.2 


' 18.9 


10,9 


25.6 


9.2 


12.9 


6-9 years 


10.5' . 


13.9 


17.8 


24.9 


13.6 


16.0 


10-13 years 


30.8 


20.6 . 


18.2 


16.0 


22:5 


23.7 


14 years or more 


5b'9 . 


46.0 


52.3 


33.2 


'55.2^ 


46.7 



(NV (434) (1 p?6) - - (350)^^- - (617) (35T) (606>^ 



f * Fi^u res sh own a re percen ta^es . N o da ta axe in clu ded fo r*B rit i sh Col u m bia 
.because the urban/rural indicator was uhavailable for that province. 
Cbrhrrient: / . , /' 

Teachers in urban areas are somewhat more experienced than those in rural 

areas. •» " . ' 



Edticatidnal Back^rdtind 
Tableis II. 7 to 11.13 show evidence of an increasingly highly qualified 
teaching force (the vast majority of science teachers have univef isity de- 
grees); bqt, on the other hand, over half the teachers (at all levels) have 
not taken a university-level course in mathematics or science for over 10 
years, if at all: 

The trend towards higher academic qualiBcations for teachers dur- 
ing the past 20 years is demonstrated graphically in Table 11:9: At the 
early-years level, 57.8 per cent of teachers with 14 or more years of ex- 
perience have university degrees; this proportion increases to 82.8 per 
cent for teachers with 1 to 5 years of experience (i.e., the younger teach- 
ers). However, when teacHers^leducation^ specific suBjects is examined 
(Tables II. Id, 11.11 and 11.12), the trend becomes less clearly deHnld. 
Over one-third erf all middle-years teachers have t^en no university- 
level mathematics orlscience; over one-half of all early-years teachers 
have taken no mathei'Hatics, and nearly three-quSrters of them have 
taken no science at liniVersity level. Even at the senior -years level, 
where 83.3 per cent of teachers have studied university mathematics 
arid 94.5 per cent have studied university science, it is frequently a long 
time since those courses were taken. For two- thirds of seriidr-years 
teachers, it is more than five years arid, for brie-third of theitt more thari 
10 years sirice they last took a uriiversity iscierice course. However, a sig- 
nificant number of teachers at all levels app^ajrs to have been in touch 
with the University i!\jhe last five years.Over 60 per cent of early-years 
teachers have taken an education course; one-quarter of these courses 
have been taken at the graduate level: ' ^ .^^ 

But teachers learn aboul science in more ways than by taking uni- 
versity courses. One of these ways' is through employment in areas 
other than science teaching. Researchers asked about what science- 
related employment teachers had experienced; the results are reported 
in Table II. 13. It appears that a significant number of teachers, especially 
in the senior years^ have had some science-related experience outside 
the academic world. Such experience could be important if a teacher is 
called upon to demonstrate the relatibriship between scientific knowl- 
edge arid the practical business of research,, develdprrierit or agriculture. 
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Tabic II.7 - Teachers' Level b{ Education' 






tevel of Education 


Early 


Middle 


Senior 


Tc»icher's cbllege diploma. 


33.2 


10.3 


4.1 


Bachelor's degree 


58.0 


70.9 


69.1 


Postgraduate degree 


7.4 


i8;o - 


26 0 



* Figures shown are percentages. 
Cbrhrheht: 

At the middle- and scnior^years leyels^ about 9 

university degree; at the early-years level, two oi/t of three teachers have a 
university degree: 



Table 11.8 - Teachers' Level of Education by Sex* 







Early 


Middl 


e 


Senior 


Level of Education 


M 


F 


M 


F 


M 


F 


Teacher's college 
diploma 


7.9 


41,3 


7.0 


19.8 


4.2 


3.7 


Bachelor's degree 


70.3 


'ss.o 


73.7 


64.6 


6fJ.9 


74.0 


Postgraduate degree 


21.6 


3.5 


19.1 


15.4 


26.8 


V '22.1 


(N) ^: 




(1 267) 


(1 065) 


(275) 




(139) 



'.Figures shown are percentages. 
Cbrrimeht: 

At the early- and rniddje-years je\^ejs, male Jeachers ten^^^ be better educated 
than female teachers, but there is no difference at the senior-years level. 



Figure 1 1.3 - Teachers' Level of Education by Sex 



80 




E.^MS E M S E MS 

Teacher s College Bachelor s Postfliraduate 

bipioma Degree Dipioma 



Table 11.9 - Teachers' Level of Edmatioff by Uhgth of Teaching Experience* 

Level of Ed ucatidh 1-5 years 6-9 years 10- 13 years 14+ years 

Early Years 



-Teacher's college diploma 


19.1 


25.3 


35.8 


42.0 


-Bachelor's degree 


757 


64.9 


57:1 


49:7 


-Post^aduate degree 


5.1 


9.6 


6.9 


8.1 




(435) 


(286) 


(336) 


(6TB) 


Middle Years 










-Teacher's college diploma * 


2.0 


9.6 


4.3 


20.1 


-Bachelor's degree 


' 81.4 


82:6 


81 5 


53.1 


-Postgraduate degree 


16.5 


7.7 


14.0 


26.7 


-m 


(290) 


(296) 


(293) 


(460) 


Senior Years 










-Teacher's college diploma 


1.1 


1.1 


6.2 


4:8 


-Bachelor's degree 


86.9 


78.5 


59,8 


67.1 


-Postgraduate degree 


11,8 


20.2 


33.9 


27 9 


-(N) 


—(152) 


(189) 


(258) 


(549) 



* Figures shbivn are percentages. 
Comment:. 

Less experienced (i.e., younger) teachers tend to have ihore education than more 
experienced teachers. 
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Table Il:iO - Teachers' Level of Education* r 

Mjthe- Pure Applied 

Levt»i of Education mjtics Science Science Educatibii 

Early Years 

-No university study 55.2 72.7 85.9 20.5 

-Uhdergradudte level 39:6 23 0 8 5 68 1 

-Postgrd4uate leve! 1.5 0,4 0,3 7.6 

Middle Years ^ 

-No university study 40.4 35.8 65.1 10.0 

-Undergraduate level 54.5 59.6 28,8 71,2 

-Postgraduate level , 1.7 3.6 3.5 17.^ 

Senior Years * 

-No university study 13:7 4 6 61:6 5:3 

^ _ _ _ 

-Undergraduate level 79.4 78.0 28.7 72.4 

-Postgraduate level 3.9 16:5 3:6 20:0 

* Figures shown are percentages. 
Comments: 

i. More than half the early-years teachers have no u^^^ mathematics: 
2 -Nearly three-quarters of the early-years teachers have no university-level 

science. .1 
3. One- U)ird of the teacher the middle-years level have had ho university- = 

level mathematics or science. 
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Table 11.11 - Teachers' Level of Education in Specific Subjects by Sex** 





Early 


Middle 


Senior 


Level of Education 


M F; 


M 


F 


M 


F 


Mathematics 












-No university study 


45.5 60.7 


32:8 


63:0 


12:4 


24-i^ 


-Undergraduate level 


49.6 3a.4 


64.9 


35.8 


83.4 


73.2 


-Postgraduate level 


4.4 0.7 


2.1 


10 


4:0 


26 


-(N) ^ 


(405) (1 216) 


(1 041) 


(267) 


(^95) 


(134) 


Pure Science 












^ -r - 

-No university study 


59:7 ; 80 5 


27.3 


56.4 


4.4 


5.1 


-Undergraduate level 


39.5-:, 19.1 


68.3 


41.4 


79.3 


77.2 


-Postgraduate level 


06' : 0> 


43 


2.1 


16.1 


17.5 


-(N) ; 


(407) (1 218) 


(1 051) 


i (270) 


(i 008) 


(139) 



' Figures shown are percentage^. - .; 

Comments: 

1. Female teachers tend to be less qualified than maj^ teachers in mathematics 
and science: / ;[w 

2. There is an 80 per cejit chance^^^ Aiirp^le Jeacher at the early- years jeyej 
b^s not had any science since high school and a 60 per cent chance that she 
has not had any mathematics since high schooL 
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Table 11.12 - Time Since Last Postsecondary Course in Specific Subjects* 


Tiitle Since 


Mathe- 


- Pure 


^^pplied 




L^st Course 


matics 


Science 


Science 


Educati' 


E^irlV Years 










^Never taken 


32.2 


45.9 


57.2 


6.6 


-More than 10 years 


26.7 


26.0 


l8.4 


14.7 


-6-10 years 


18.1 


^4 1 


11.3 


161 


-1-5 years ^ 


19.0 


11.2 


9 1_ 


46.2 


-Cuttently enrolled 


ii 


0:0 


0:7 


146 












-iNCvtr caKen 


4j 1 .1 


22 9 


42 1 




-More than ID years 


26.1 


28.1 


1S.2 


15.4 


-6-10 yeajrs 


25 b 


28.4 


23.3 


20.2 


-1-5 years 


13.6 ^ 


18.2 


13.3 


44.6 


-Currently enrolled 


3.0 


1.5 


13 


13.6 


Senior Years 










-Never taken 


12.6 


4.4 


46.8 


4.5 


-More than 10 years 


423 


34 0 


234 


243 


-6-lb years 


24.^ 


31.7 


14.8 


28.1 


-1-5 years 


169 


27:3 


10.8 


33.8 


-Currently enrolled 


1.7 


1.6 


1.8 


7.9 



* Figures shown are percentages. ; 
Cbrnment: : 

Most teachers have not taken a college course in a subject other than education 
in the last 10 years. 
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Table 11.13 - Types Sciehce-ReUled Empldyiiiehl Experienced by Te^cheH* 

Type of Employment^; 

Nono ; ' 

Work in j science library 

Routine work in a testing or 
analysis laboratory 



Research or deyejpprnenl on 
methods, products or processes 

Basic research in physical, medical, 
biological or earth sciences , 

Work in farming, mining or fishing 

tDther industrial work including 
engineering 

* Figures shown are percehtages • ; ; ■ ' 

^ l^pspondenls were requAsj that applied. The 

columns do not, therefore, total ICX) per cent. _ 
Cbrnmeht; * 
More than half of the teachers at middle- and seniot-years levels have had some 
experience of science other than through theif school or aniversity courses: 



Early 


Middle 


Senior . 


77.2 


44.3 ^ 


37.3 


1.1 


1.5 ■ 


2.1 


■.:;-5.i 


13.7 


2id 


2:7 


101 


16:0. 


3.8 


i3.2 


19.5 


14;5 


26:0 


26 1 


... 


UA 


20.3 



Figure 11.4 - Types of Science-Related Employment Experienced by Teachers 



Percentage of Teachers 
40 60 



Work In Science 
Library 

yVor.k in Testing 
Analysis Lab 

B&D on.Methods. 

Products. 

Processes 

Baaic. Research 
in Pure/Applied 
Sciences 
Farming, Mining 

Of 

Fishing 

Other 
InflustfiaL 
Work ' 




I EariV. years 
[ |^idd>e years 
I Senior years 
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Attitudes Towards Teaching and Teacher Education 

Teachers' assessments of their education, both in science and as teach- 
ers, were sought; Table 11.14 presents the results oF this inquiry. In gen- 
eral, it appears that teachers' degree oF satisFaction with their education 
in science is roughly proportional to the amount pF it they have had. The 
least satisBed were the early- years teachers and the most satisfied, the 
senior-years teachers. 

Teachers' attitudes to their work were also sought with a question 
that asked iF they would preFer to avoid teaching science altogether. 
Predictably, the senior-years teachers answered strongly in the nega- 
tive, but ah ehcbii raging hurhber oF early -years teachers (63 per cent) 
did also. It appears thaLsciehce teachers at all levels are enthusiastic 
about teaching science. Teachers who wished to avoid teaching science 
most oFteh cited an inadequate backgrburid as the major reason; For ex- 
ample, oF early-years teachers giving this as a reaSbn, 83 per cent had 
had nb university science cburses. 



Table 11.14 - Teachers' 


"Assessments of Their Education* 




Assessment 


Early 


. Middle 


Seruor 


Science Education 








-Very iihsatisfactbry 


17:4 


7:4 


1.6 


<»Fairly unsatisfactory 


29.2 


25.7 


7.3 


-Fairly satisfaCfory 


: 43.0 


45.4 


45.3 


-Very satisfactory 


8.6 


^1.1 


45.1 


Teacher Education 








-Very unsatisfactory 


13.1 


9.1 


8:3 


-Fairly unsatisfactory 


23.5 


21.9 


22.2 


^Fairly satisfactory 


38:4 


50:3 


45:4 


-Very satisfactory 


23.1 


17.9 


23.3 



* Figures shown are percentages: 
Cominents; 

i: Seriibr-years teachers are inore satisBed with their educatioirin jscience than 
middle- or early -years teachers. Teachers' satisfaction With teacher training is 
abK>ut equal to their satisfaction with the education in science ^hey received. 
2: Analysis by level of education shows that teachers who took more science at 
university are more satisfied with the quality of their education in science 
than are those who ^(K)k no university science 
.3. Teachers who took more courses in education are not more satis^^ with their 
teacher training than arc those who took few er education courses. ^ 



^ 'it 
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\bVe ii.15 - T^achere' Rwjw had a choice, 

would you avoid teaching science altogether?''* ; 



Response ' Early Middle Senior 



Yes 


■ ■ " 


18.6 


9.5 


4.5 


No 




63:1 


77:2 


87,5 


Undecided 




9.7 


9.6 


3.2 



* Figures shown are percentages: 
Comment: 

The majority of science teachers want to teach science; however, at the early- 
yeofs level, more than 1 in 4 does not. Or is undecided: — _ 



Figure 11:5 - Teachers' Responses lo the Question, "If you_had^ choice, 
would you avoid teaching scieiice alt^ether?'-' — - — 



100 



80 



60 



B 40 



20 



Yes No Undecided 

Early years 

Middle years t *^ 

Senior years 
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Tabic 11,16 - TeacheiV Res^nses a choice, 

would you avoid teaching science altogether?" by Sex* 



Early Middle Senior 

Response M F M F M ' F 

Yes 14.5 21.9 7.6 14.6 5.8 3.8- 

No 76.8 66.7 84.8' 69.5 90.8 9i2.8 

Undecided 8:6 li:2 7.5 15.8 3.3 3.2 

(N) (384) (1 171) (1 015) (257) (961) (133) 



*_Figures shown are percentages: 
Comment: *^ 

At the early- and middle-years levels, nearly one-third of female teachers would 
rather not teach science or are undecided. 



ifable 11.17 - Reasons for Avoiding Science Teaching* 



Reason (s) 


Early. 


Middle 


Senior 


Lack of Resources 


34.7 


34.4 


25.8 


Inadequate Background 


54.6 


54.8 


29:7 


Dislifce of Science 


20.7 


27.0 


6.6 


Working Conditions 


23.1 


43.4 


59.5 


Student Attitudes 


4.3 


17.0 


39.4 


Other 


16.5 


21.7 


33.4 


(N)-_ ^-.^ . 


(346) 


(160) 


(53) 



■» Figu res shown i>ercentages. The figures are based only on those 

respondents who_ indicated that they, would prefer to 'avoid teaching science. In 
addition, respondents were requested to indicate al! categories that applied; the 
columns do hot therefore total 100 per cent 

Comments: " 

i: Inadequate background is the reason most often Cited by teachers for hot 

^*vahtihg to teach science. 
5^ Of those early-years teachers citing inadequate background as a reason for 

avoiding science teachin'g; 83 per cent had not studied pure science at 

uhiversity. 



Of* 
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III. Ofejeelives of Seienee 
Teaehing 



Xhe focUs of the study (see volume I, chapter I) is on the aims and objec- 
tives of science educatio»in Canadian schools: All of the components of 
the research program were desi^<fd to clarify the edacational objectives 
found in the rhetoric andp#^ctice of science teaching: Specifically, the 
survey of science teachSs was designed to discover: (1) which objec- 
tives teachers consider to be important for the level at which they teach, 
and *|2j which objectives ^eachers think they are most successful in 
achieving through their present teaching. This information comple- 
ments the information obtained about the aims and objectives man- 
dated by ministries of education (volume I, chapter V) and about the 
educational objectives contained in science textbobfcf (ybjume I^; chapter 
VII). It also sheds light, implicitly, on teachers'- views of the criticisms of 
science education expressed in the disctlssibh papers and wbrksljbp pro- 
ceedings, where alternative aims for science education are proposed by 
the authbrs. ; 

These three sources - ministry policy documents, textbooks and 
Cbuhcirs discussion papers - provided a basis for constructing a list of 
cducatibhal objectives to which teachers were asked to respond. The fi- 
nal instrument (see Appendix A) contained 14 objectives representing 
all eight categories of aiips contained in ministry guidelines and the ma-^ 
jor themes of the discussion papers (the need for a Canadian context, tm 
need to teach the practical skills of an engineer, the need to take specjal 
account of the science education of women, e£c.). Respondents ware- 
asked to indicate their assessments of the importance of each objective 
for the level at which they themselves taught. The results therefore cor- 
respond to early-years teachers' opinions concerning early-years objec- 
tives, middle-years teachers' opinions concerning middle-years 
objectives and so on. * _ /• 






Respondents were asked to rate each objective as either "bf-rib im- 
portance"; "of little importance"; "fairly irnpbrtarit"; br "very impbr- 
tant." Rajher thaji present a large mass of da^a cbrrespbhdihg lb all of 
these responses, we have developed, for each level, a rank ordering of 
objectives based on the sum of those responding ^'fairly irnpbrtaht" arid 
"very.important/^Conseqaently, results expressed in this way are less a 
measure qF the importance of each objective (as assessed by teachers), 
an*d more a measure of the degree of consensus among teachers that an 
objective is important. For discussion purposes, however, these two 
measures can be regarded as identical. The resajts are analyzed in two 
ways. First, the assessments are examined by teaching level - early, mid- 
dle and senior years - to show which objectives are rated as most impor- 
tant fbr each level. Second, the various assessments of each objective are 
discussed in order to facilitate comparisons with the analysis of ministry 
pblicies and with the claims made by the authors of the discussion pa- 
pers. The chapter concludes with the results of teachers' assessments of 
the effectiveness bf jtheir teaching in relation to each of the 14 
objectives. ■ r ■ 

Importance of Objectives: Analysis by Teaching tevel 

Early Years 

Table III. 1 shows how early-years teachers assess the irhportahce bf 
educational objectives. Examiriatibh of these data reveals three distinct 
clusters with clear discontinuities at 80 per cent arid 50 per cent. The first 
cluster contains three objectives about whose iitlpbrtahce there appears 
to be a very high degree of consensus. These objectives al-e those involv- 
ing attitudes, process skills and social skills. The second cluster corn- 
prises six jpbjectives about which there is a moderate consensus that 
they are important: The remaining five objectives are those about which 
there is least consensus (below 50 per cent) regarding their importance: 
In order to probe this notion of consensus somewhat further, we 
analyzed the assessments of objectives by province, by sex, by length of 
teaching experience and by school location. In all of these analyses, a 
signiH_(^nt degree of consensus was found, but with certain interesting 
differences. The differences in the data presented in Table III l are: 

1. At the ear!y>years level, significantly more male teachers (76.5 
per centj than female teachers (59.6 per cent) rated the "science 
content" objective as fairly or very irnpbrtant. Also, the objec- 
tive "understanding the way that scientific knowledge is 
developed" was rated as fairly or very important by 62.0 per 
cent of rnale teachers; only 34.1 per cent bf female teachers gave 
it a sirnilar rating. - 

2. There is a striking difference in the value attached to "science 
cbritent" as ah objective by teachers having different amounts 



46 



in 



of teaching experience. At the eariy-years level,, 59,?per cent of 
those with more than 10 years' teaching ^perience rated 
"science content" as a fairly or vftyjmpbrtaht objective; only 
71:7 per cent of those with less than 10 years' experience so 
rated it: 

}io significant differences were detected between teachers in 
urban and ru?al schools. 



Table - Importance of Objectiv^; E arly Years" 

Rank^ Objective Assessment 



1: Developing attitudes appropriate to 

scientiHc endeavour 94.3 



Developing skills and processes of 

investigation 92.8 
Developing social skills , XT" -_>^ 92.2 



Relating scientific explanation to the 

student's conception of the world 77.8 

P^yefoj?in^ihe skijls oi^ and 

understanding science-related rnaterials • ' 70.9: 

Uhderstahdihg the practical applications of ' 

science 70.4 

— - - _ _ ■_ _ ^ 

Understanding scientific facts; concepts 

and laws 63.6 



^- U^4frstAndm^ the relevance of science to 

the needs and interests of both men' and 

women ^ 62,5 

^- y"_'^P'"stA"4>"_s J^h.e^^^^^^^ significance of 

science in modem society 59:6 



10. Understanding- the. way. that scientific 

knowledge is developed • 40.7 



11. Peyelo_p_ing an awareness of the practice 

of science in Canada 3^-^ 

12. Relating science to career opportunities . 25.2 

13. Understanding the history an|i philosophy " _ 
of science 19 3 

14: Understanding the hatii^ an4. process of 

technological or engineering activity 17.9 

* Figures shown are percentages. 

^ Objectives are ranked according to the percentage of teachers assessing them 
to be fairly or V-ery iiflpOrtant. 
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Figare III.l - Teachers' Assessments of the Impodance of Objectives 



Percentage of teachers rating objectives as important 



Scencpj related 
altitudes 



Scientific skills, 
tjrd ceases 



Students' world 
view 



Sctunct* f ^•lilted 
' reiujifuj skills 



Pf .IC tlC.ll_iJP_pliCij • 

tions of 3c>f;ncL' 



Science content 

HcIeyahceJo men 
and women 

Science aad 
society 

Nijttjre of science 

Pf nc tice of . 
science tn Canadii 

C;jri;er oppofiunities - 

History phtiosophy 
of science 

E T'Oineer If "ifj Jec/i 
nology processes 




I Early years 
j Middle years 
Senior years 



Middie Ypars - • ^ _ _ 

At the middle-years level, many more objectives are regarded by teach- 
ers as importdr\t. Again, using the 80 per cent and 50 per cent dividing 
lines, the 14 objectives can be grouped into three clusSrs. But in this 
case the proportions of objectives in each cluster are quite different, as 
ifhe results in Table III 2 show. In the first group, there are ^ght objec- 
tives about whose importance there is strong agreernent. THe second 
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group {80 per cent to SO per cent) contains four objectives, and the third 
group (below 50 per ceht) contains only two. The sequence of objectives 
in the overall hst (vvit^ ^ exceptions) approximates the order of ob- 
jectives established^ eany-years teachers, but what is particularly dif- 
ferent is the iricfe^ed iitH>brtarice attached to every obj^^tive. 



Table in.2 - linporUnce of Qbj ggtiv«y! M tddlg Ycaw* 



Rankb ObjecHve - Assessnient 

i developing attitudes appropriate to 

scientific endeavour 96.0 

2. Developing skills and processes of ' 

investigation . 93:4 

3. beveloping social skills 92.9 

4. Understanding the role and significant^ of 

science in modem society 88:4 * . 

5. Understanding the practical applications of 



science , 37.8 



6. Understanding scientific facts, concepts 

\ and laws gg.j^ 

student's conception of the world y 86:3 

8. bevelopjmg the skiUs of heading and 

understanding science-related materials 84.2 



/ 9. UijderetAndin^ the relevance of ^ience to \ 

S the needs and interests of both men and -J 

women ' ' _ 6 

10. ^ U'^dc'^tanding^t^^^ 

knowledge is developed 66.1 

11: Relating science to career opportunities 56.1 



12. Deyeloping^an awareness of the practice -* 

of science in Canada , 51 4 



13. Uhderstahc^hg the nahirS and process of 

technological or engineering activity 40:8 

14. Understanding the histor^ and philosophy 

o£-science(- - a . 40.7 



■ Figures shown are percentages. _ .* ' 

Objectives are ranked according to the percentage oB teachers assessing them 
—to-be fairly or very iitipbrtaht. ^ 
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The objectives in the first cluster include the three identified by 
most early-years teachers as impocfeant - a,ttitudes, proceiss skills and so- 
cial skills - but to them are added five more: science and society; practi- 
cal applications of science; science cdriteht; relating science to' the 
student's world view; and the skills of reading and anderstanding 
science materials. This broader array of objectives in the first cjuster re- 
fle^cts the broader variety of purposes for which science is taught at the 
middle years. The analysis of ministry guidelines reveals a siniilar effect. 
It is interesting to note, moreover, that despite the large array of objec- 
tives, there is a high degree of cdhsensus (over 80 per cent of the teach- 
ers) concerning the importance of as many as eight objectives. 

The shiR in importance of specific objectives is discussed in the sec- 
ond part of the analysis. Further analysis of the middle-years consensus 
by sex, length of teaching experience and school location yields several 

^sults oi note: ; l 

1. TJiere are two objectives which tend toj^e rated as important 
more often by female teachers than by male teachers. The ob- 
jective, "to impart an understanding of the relevance of science 
to the heeds and interests of both men and vyomen" (which im- 
pliei that these "needs and_ interests" might be different and 
that any differences should be taken into account) was assessed 
as fairly Of very, important by 78.7 per cent of female teachers 
but by only 64:S'pier cent of mafe teachers. Also, the objective, 
"to develop an awareness of the practice of science in Canada" 
was regarded as important by 67,9 per cent of female teachers 
; but by only 44.3 oer cent of male teachers. Coricemirig other 

objectives, there v^s less than a 10 per cent difference between 

the sexes: 

2 Analysis of these results on the basis of the length of respond- 
ents' teaching experience shows a number of objectives about 
whose importance more experienced teachers have opinioris * 
which differ from those of teachers with less experience: Again, 
using a spread of ipore than 10 per cent as the basis for selec- 
tion, significantly more teachers with over 10 years^ experience 
rated tHe fpllowing objectives ^important than did teachers 
with less than 10 years' experienfce: 

• understanding scientific facts, concepts and laws; 

• relating Science to career opportanities; 

• understanding the nature and process of technological or 
engineering activity; ^ 

• relating science to the student's conception of the world; 

• understanding the way that scientific knowledge is 
develops. • 

Of course, because this group of teachers Trated.no objectives 
lower than did teachers with less experience^ it could be argued 
that these results indicate a different degree of discrimination 
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on the part of less-experienced teachers. However, the differ- 
ences exist. They are presented here for discussion purposes. 
At the middle years, twcfcbjectives show a spread greater than 
lb per cent when thexesults are analyzed on the basis of the lo- 
cation of the respondents' school. Urban teacfiers tend to favour 
the following two objectives more than do rural teachers: 

• relevance of science to the rweds and in- 
terests of both men and wbrrieri (Urban - 71,8 per cent; ru- 
ral - 61,8 per cent); 

• developing an awareness of the practice of science in 
Canada (urban - 55:5 per cent; rural - 43,5 per cent). 



Table III.3j-- Importance-Of Objectives: Senior Years* 



, Q'^jg^ Assessment 

1. Understanding scientific facts, concepts 

/and laws - " ■ ^ 

2- P^yelbping skills and processes of 

investigation ^ 

3: Developing attitudes a|>propnate to 

scientific endeavour 7 

4. Understanding the practical applications oF 

science 92,2 

5 P^velopin^Jh^^ 

understanding* science-related materials 89.2 

^ J*^? role a^^ significance of 

science in modem society 37^9 

7, Relating scientific explanatidh to the 

student's conception of the world 86,9 

8. Developing social skills 86,1 



^' - yn^erstand^^ scientific 

3 knowledge is developeid ' . 75 q 

10; ' Relating science to career opportunities^ ' 77.3 

11; ^'Q'^^I^*^^^i"g the re^^^ science to 

"€«ds and interests of both men and 

women ' 72 8* 

12: Understanding the hatjire and process of 

technological or engineering activity 7 sg 9 

13. Developing an awareness of the practice-^ ^ 

oT science in Canada * 55 5 

14. Understanding the history and phiiosophy 
of science 



* Figures shown are pefcehtages. 

^ Objectives are ranked according to the percentage of teachers assessing them 
to be fairly or very im|>drtaht. 
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Senior Years ^ \ ' 

Table III.3 shows the resalts of the senior-years teachers' assessments of 
the importance of objectives: If the two points of division (80 per cent 
arid 50 per cent) are retained; all 14 objectives now fall into the top two 
clusters. The consensus appears to be that all the objectives are fairly or 
very important: Thej^consensus is strongest (over SO per cerit) in regard 
to eight particular objectives, the same set of eight; in fact, that were in 
the highest cluster at the middle-years level. 

1: When these results are analyzed on the basis of the sex of the 

respondents, female teachers again appear to favour two objec- 

Hves more than do male teachersr: . 

• understanding the relevance of scjerice to the heeds and in- 
terests of men and wbirieri (M - 71.6 per cent; F - 82:3 per 

cent). _ __ _ 

• developing an awareriess of the Practice of science in 
Canada (M - 56. B per cent; F - 72.0 per cent) 

2. Wheri arialyzed on the basis of length of respondents' teaching 
exiwierice, only one objective shows a difference greater than 
10 per ceh^: 

• developing an awareness of the practice of science- in 
Canada (1 to 5 years' experience - 67.0 per cerit; over 14 
years' experience - 56.7 per^teait) 

3: No significant differences could be detected between responses 
of teachers in urban and rural schools. 

Iri gerieral, there appears to be a uniformly high degree of consensus 
among seriibr-years teachers that all the objectives - but particularly; the 
eight iri the first cluster - are important Of course, as was noted earlier, 
this result can mean two things: On the one hand, teachers may, at the 
seriior years, be striving to reach a very broad array of objectives. Ori the 
other hand, senior-years teachers may not be as discrimiriatirig as are, 
for example, early>years teachers concerning what are, iri fact, their 
most important objectives. Consequently, senior-years teachers rate all 
the objectives as important. In either case, the questidri is raised as to 
how many objectives can realistically be pursued. This same question 
^arises from the analysis o'f ministry of educatidri policy documents 
(volume 1, chapter V). Likevs^ise the trerid (noted iri volume I, chapter V) 
towards more objectives as one progresses from eaj.ly- through middle- 
to senior>years leyels is eviderit here also. This is hardly sarprising in 
view of the fact that the guideliries docUitierits are usually drafted by 

committees of teachers (see vplUme 1/ chapter IV^: 

' ' ■ ... 

Importance of Objectives: Analysis by Objective 

Iri order to facilitate comparison with the analyses of aims contained iri 
miriistry guidelines, the same categories of aims used in thatjectiori of 
the report are used as the basis for the present discussidri. Table III.4 
cdmpafes the 14 objectives used in the survey questionnaire td the eight 
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categories of^ucational objectives listed by minislries of educatibHj[a8 
deHned in general terms Jn volume I, chapter V), The groupings found in 
Table IIIJ may be open to question] they are Use^ here merely as a 
means of o^anizuig the discussion: No revision of the brigihal s^t of 
categories is implied or intended; Tlie results of the teachers' assess- 
ments can, however, be compared wiiii the aims^endorsed hy ministries. 



Table 111: 4 - Categories of Aims and Objectiv es 

Categdry oF Aims ^Survey Ohj€ 



Science Content 
Scientific Ski I Is/ Processes . 
Science arid Society 

Nature of Scienc^ 

I.. 



Uriderstaridirig scientlHc facts, concepts and 
Ia*rs 

Developing skills arid processes of 
irivestigatibri 

Understanding the role and si^tiRcaijce of 
science .in modem society 

P^^*^9PH^8 ^ awareness of the practice of 
science in Cariada 

Uridemaiding the way that scieritific 
knowledge is developed 



Personal Growth 

i 



Scierice-Relattti Attitudes 
Applied Science/Technology 

Caj^r Oppbrturiities 



ynMerstanding the history and philosophy of 
science 

Develbpirig social skills 

DeyeiojJing the skills of reading and 
understanding science-related materials 

Uriderstaridirig the relevance of science to the 
needs and interests of both men and women 

ReUttng scientific explariatibri to the shiderit's 
cbriceptibri bf the world 

Developing attitudes appropriate to scientific 
endeavour 

Uriderstaridirig the practical applications of 
science ^ - v 

Understanding the nature arid process bf 
technological br eiigirieenrig activity 

Relating science to career opportunities 



Science Cont 

The learning ^ science content is of centr^Jntpoftance as an educa- 
tional objective at the senior-years level, both in the guidelities and in 
teachers' asses$Sients. At the middle-years level it is brie bf the three 
^airiis found in every guideline, and it is endorsed by 86.6 per cent bf 
teachers as being of major importance. As was mentioned earlier, all 
early-years guidelines specify "learning of content" as an aim, but they 
also point but that this is not the central aim of the program. Teachers 
clearly share this view; only 63.6 per cent of early-years teachers as- 
sessed this objective as fairly br very important. Overail, this objective 
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is evidently hot cbhtroversial, aU^o^gh the quest jdh concerning the 
desirable balance between- teaching content arid achieving otber aims 
remains unresolved. 

ScienHfic Skills /Processes ^ ; 

The development of scientific skills is endorsed as ari objective by all 
ministry documents at early- and middle-years levels (aS well as by 
most documents at the senior-years level) arid by teachers ^ ajl three 
levels. Airns of this type are uricbritroversial although questions about - 
which skills should be taught ^t which levels cbritiriue to be asked: 

Science and Society 

One of these objectives - uriderstaridirig the role and significance oj^ 
science in modem society - is regarded ais very important at both 
middle-years [SB A per cetit) and seriibr-years (87.9 per ^:ent) levels^ 
However, the bther - develbpirig an awareness qf the practice of science 
in Canada ^ is ra^t^ uriifbrmly low at all thre^ levels, ranking 11/14 at 
the early-years level, 12/14 at the middle-years level, and 13/14 ^t the 
seriibr-years level. These ratirigs parallel those made implicitly in minis- 
try guideliries. There appears to be an increasiftg awareness 4mong 
sciferice educators (especially at the middle years) of the need to teacH v 
studerits about the retatiqnship between science finS^ociety, but there is 
rib great cbricerri that this relationship be discussed with reference to 
Canadian society in particular: The* cou,cerr\s of Thomas Sympns arid 
James Page, that scienc^f is not portrayed ^s part of the cultur^al. fabric of 
Canadian society, would appear tp be well fgunded. The arialysis of 
textbooks (see volame I, chapter Vlf) tends to confirm this observatibri. 

Nature \of Science _ _ ; " ' - - 

These objectives were amongst those rpiarded as very impbrtarit duririg 
the curriculum reform movement of -tli^ 196ds, However, teachers 
found that only the brightest students cbuld achieve them. The rela-; ^ 
tFVely low ratings given to them ip this survey attest tb their decliriirig 
pq^ularity. At the senior years^ where mbst guideliries still cbritairi ob- 
jectives of this type, teachers rSriked them 9/14 arid 14/14. At other ley- 
els^^ these objective^ "'were assigned everi less impbrtarice, both in the 
guicJelines and by teachers. 

Personnl Growth _ 
As explained earlier, this category of objectives is rather broad and dif- 
fuse, it involves the development of characteristics or qualities - such as 
creativity, a sense of fesponsibility, cooperatiiDn - whose relevance or 
application goes beyond the field of science, being ihbre closely related 
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to the broader goals education: As Table 111:4 shows, this category in- 
cludes four rather diverse objectives that do not readily fit elsewhere. At 
the early level, the development of social skills and reading skills is (pre- 
dictablyj important to both ministries of education and to teachers. 
T)^^ objectives become progressively less important at higher levels. 
(Although the reading and understanding of science-related materials is 
stressed by senior-years teachers, we assume tfjat their ernpRasis is less 
on basic reading skUls and more on the need for understanding science- 
related rriaterials.) The objective implying possible differences among 
girls and boys in relation to science education has already been dis- 
cussed in cbhnectioh with the arialysis of responses on the basis of sex. 
Its relatively low ranking at all levels perhaps reflects a relatively low 
level of awareness arnohjg teachers about the need to encourage girls to 
study science. Its total abserice from ministry^ guidelines, as noted ear- 
lier, ten,ds to cdnfirm tfg5 hypothesis. Finally, the objective, "to relate 
scientific explanatidn to the student's cohceptidh of the vybrld," touches 
readiness to accept science as a way of understanding the 
world: Implicit in the objective is the basis for dealing witii controversial 
moral. or religious issues such as creation and evolution. Teachers at the 
e^rly-years level rank this objective h'igK^4/14); at the other levels alsa 
there is agreement (86:3 per cent at middte years and 86.9 per cent at se- 
nior years) concerning its importance. 

Sfi^Mf^-K^/fl?^ yl^^iAufc ' 
This objective is uhifbrmly importarit in both guidelines and teacher as- 
sessments at all three levels. • 

Applied Scientr/ Tethnolog^ 

Objectives in this category are of two types: those havirlg to do with - 
teaching about the practical applications of science (the products of eh- 
gine^ing and technology) and those havipg to do with teaching the 
"process skills" of the engineer or technologist. The former type of ob- 
jective is highly rated at all leyels, especially at the senio^;t years- level; 
the latter is rated low at all levels (14/14 at early years; 13/i4 at middle 
years and 12/14 at senior years). As was evident from the analysis of 
guidelines, ministries of education appear ambiyalent concerning these 
objectives. Teachers' assessments of the importance of these objectives 
als.b indicate a certain arhbivalerice concerning thi^ importance of teach- 
ing about technology in "science" education. 

€amr Qppvrfunifies 

Predictably, this objective is rated highly only by senior-years teachers, 
77.3 per cent of whom consider it to be important ~ ridt^ very high pro- 
portion, given the current recession ^ 
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Efifectivehess of teaching: Analysis by teaching tcvcl 

In this question, teachers were presented with the same hst of o^j»jectives 
p before and asked, "How effective do you fee! that your teaching is at 
enabling studehtis to achieve each of the following objectives?" Teach- 
ers were asked to respond using a four-point scale, ranging from "very 
ineffective" through "very effecJive." They were also given the option 
of indicating that they had not aSempted a given objStive. In Tables 
III. 5, III.6 and 111:7, the total number of teachers responding 3 (fairly ef- 
fective) and 4 (very effective) to each objective is reported as a perceht-^ 
a^e of Jhe total number of respondents. The sequence of objectives used 
in Tables \\\X HI: 2 and III. 3, respectively, is retained. 

Early Years ^ 

In general, teachers feel that those objectives they consider to be the 
most iinportarit are also those that their teaching is most effective in 
achieving. The drily objective in the first tw^lusters (objectives 1 to 9) 
that the majority bf teachers considered themselves to have been unsuc- 
cessful iri achieving is the one involving the needs and interests of both 
men arid wdriieri. Most of the objectives in the third cluster haye not 
beeri attempted by a significant proportion of teachers, ^^y/ 

Middle Years 

At the middle-years level, teachers' assessrrierits of effectiveness are^ 
again, very similar to their assessriierits bf importance. The most notable 
exception concerns the ''scierice arid society" dhjective: 88:4 per cent of 
teachers rate it as ail iriipbrtarit objective, but only 64:9 per cent of them 
consider their teachirig tb be effective in achieving it. By contrast, the 
objective "uriderstaridirig scientific facts, concepts and laws" is rated 
highly bri the effectiveness, spale. 

i — jt 

» ' ■ . r 

Senior Years 

The close relations|M|) between assessments bf impbftarice and eff ee- - 
tiveness can be seen at the senior-years level alsb. Agairi, the "science 
and society" objective is thought tb be iriipbrtarit by a high proportion 
of science feachers, (87.9 per cerit), but considered tb ^e effectively 
achieved by a significantly sriialler prbpbrtibri (69.3 per cent): The same 
is true for the objective, "develbjlirig the skills of readmg and under- 
standing science-related niaterials" (imi5ortance 89:2 per^c^^^ 
ing effectiveness - 67.6 per cerit) arid for the objective '^relating scientific 
explanation to the studerit's conception of the >vorld" (importance - 
86.9 per cent; teachirig effectiveness - 71:2 per cent). TTiese assessments 
underscore bur cbricerri for the number of objectives which a science 
program cari reaiistically be expected to attain. 



56 



55 



Finally, it shbiild be asked whether teachers carv make ah accurate 
assessment of the effectiveness of their own teaching. As more sophis- 
ticated systems of learning assessment are introduced by several prbv^ 
inces, it may be possible to'"assess" the teacHers' assessrhehts. For the 
present, these assessments are reported here as they were recorded, 

J"here are many reasons why objectives considered by teachers to 
be important are nevertheless difficult to achieve in pr^ictice. The ti 
maining chapters iq this part of the report explore some of the obstacles 
that may keep teachers from attaining ed:acational objectives. 



Table III.5 - EfTecHvehess of Teaching: Early Years 



Objective* 
• 1 



10. 

11. 

12. 
13 

14. 



Developing attitudes appropriate to 
scientiHc endeavour 

Developing skills and processes of 
investigation 

Developing social skills 

Relating scientiBc expl^ination to the 
student's cbhceptibh of the world 

P^yeTpJsingibAskiJls of r^^^ and 
understanding science-related materials 

Uhderstahdihg the practical applications of 
science 



Understanding scientific facts, concepts 
and laws 



Under^tandmg the_re|eva_nce_of science to 
the needs and interests of both men and 
women 



y"_f^^rst_4nding the roje^ significance of 
science in modem society 



Uhderstahdihg the way that scientific 
knowledge is developed 



Developing an awareness of the practice 
of science in Canada • 

Relating science to career dppbrtuniUes 



Understanding the history and philosophy 
of science' 

Un^f rstanding^ the nature_a/id process of 
technological or engineering activity y 



Assessment^ 

90.7 

90.2 
92.4 

66:5 
679 
66.3 
64.6 

45.0 
49.5 

3i.4 

19.6 
18.6 

16.6 

14.1 



* The order of objectives is the same as in Table III.l. 

y Percentage of teachers, assessing their teaching as fairly or vfry effective in 
achieving their objectives. .. _: 



57 ' 



table iii.6 

Objective* 

i 



Effectiveness of Teaching: Middle Years 



PpypJopinjg^ a'^^j_'i_^^^es appropriate to 
scientific endeavour 

2. Developing skills and processes of 
investigation 

3. Developing social skills 

4. Uhderstahdihg the role and sigriiBcance of 
science in modern society 

5: Understanding the practical applic;itfons of 
science 

6. Understanding scientific facts, coTicepj^ 
anc^ laws . 

7. Relating scientific explanation to the 
student's conception of the world 

8; Developing the skills of reading and . 
' uhderstahdihg scichce-related rhaterials 



Assessment** 



86.0 



8.7 
64.9 

64.9 

79.0 

87.9 

76.8 

71:0 



10. 



11. 



12. 



13. 



14; 



Understanding the relevance, of science to- 
the needs and interests of both men and 
wditieri 

U nde rs t and i ng^ t h e Way^ that scientific 
knowledge is developed 

Relating science to career opportunities 

Developing an awareness of the practice 

of science in Canada ' 

Understanding the nature and process of 
technological or engineervpg activity 

Uriderstahdihg the history and philosophy 
of sciehce 



51:5 

52.2 
38.8 

28.2 

26.5 

— 35.8 



* the order of objectives is the same as in Table 111,2, 

PercchVage of teachers assessing their teaching as fairly or very effective irt 
achievihg their objectives. ^ 
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Table 111.7 - Effectiveness of Teaching: SenioT'-Years 



Objective* Assessment^ 

1. Understanding scientiRc facts, concepts 

and laws * 96.1 

2. Developing skills and processes of 

investigation 89.3 

3: Developing attitudes appropriate to 

sciehtiBc endeavour 83.7 

4. Understanding the practical applications of 

science 79:7 

5. Developing the skills of reading and 

understanding science-related materials 67.6 

6. Understanding the fole and signjl^ance of 

science in modern society 69.3 

7. Relating scientific _expj_an_a|ipn to the 

student's conception of the world 71:2 

8. Developing social skills 77.5 

9. Understanding the. way that scientific ^ 

knowledge is developed , 66.3 

Id. Relating science to career opportunities 47.7 

11. Understanding the relevance of science to 
the needs and interests of both men and 

wdrrieh ^ 46.2 

12. Understanding the nature and process of 

technological or engineering activity 39:2 

13. Developing ah awareness of the practice 

of science in Canada 27.9 

14. Understanding the history and phiIosof)hy 

of science ' 46.0 



* The order of objectives is the same as in Table 111,3. 

^ Percentage -Of_ teachers assessing their teaching as fairly or very effective in. 
achieving their objectives. 



IV. Instructional Contexts 
of Science Teaching 



The achievement of objectives For science education depends in large 
measure on the importance accorded those objectives by teachers. But 
other factor^ are also involved, including the availability (to both 
teacher arid stiiderits) of appropriate curriculum resources (textbooks, 
software, magazines, etc.), the adequacy of the teacher's background for 
the sped Be pedagdgifzal tasks required, the interests arid abilities of the 
studerits, the physical facilities arid equipttierit provided, the iristitu- 
tioriai anrarigemerits (such as teachirig schedale and class size) and the 
degree of professional (e:g:, school principal) and community (e:g:, par- 
ental) support for science teaching: Any one of these factors can make 
the achievement of any objectives; however desirable in principle; im- 
possible in practice. Given thS fact; well established by educational re- 
search; one may wonder how any objectives can be met successfully. But 
some are; schools do result in students' learning. However, it is naive to 
expect real change in the combination or balance of objectives of science 
education while ignoring factors such as those listed above. Likewise, it 
is necessary for a study such as the present one to deteirnine as much in- 
fo rrnatioh as possible about those contextual factors if it is to ihfbrih a 
deliberative process that may xohtemplate changes in the difectidh of 
science education. 

Information concerning six such factors was collected in the survey 
oF science teachers. Three of these are discussed in this chapter: 

• Curricuium resources (Tables !V:2 to IV. 6); 

• Teacher's backgrdUrid arid experierice"(especially iriservice edu- 
cation) (Tables IV.7 to IV:10); 

• Students' abilities arid iriteresW (Tables IV.ll to jv.15). 
These factors directly affect the substance of a teacher's instruc- 
tional interaction with his or her students. 

i 5B 
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In chapter V, three other factors, one step rembved frbttl the in- 
structional process but none the less important, are examined: the 
physical facilities and equipment available; institutional arrangements 
(such as class size and time allocation); and the extent of community and 
professional support for science teaching. First, however, we needed to 
be sure that these six factors were all, m the opinion of teachers, relevant 
to the problem of achieving objectives. Table IV.l reports teachers' re- 
sponses to this question; it shows that all six factors are, to different de- 
grees at different levels, important to teachers: At the early- and middle- 
years levels, physical facilities and institutional factors are of concern to 
most teachers: At the senior years, students' abilities^ and interests are 
cited most often as being important: However, further investigation of 
each of these six areas is clearly warranted. 

Table IV.l ~ Obstacles lb the Achieveiheht of Objectives 



Percentage of teachers assessing various 
• areas as containing fairly or very 
important obstacles to the achievement 5f 







their objectives 




Areas Containing Potential 
Obstacles ^ , _ _ _ 


^af ly 


Middle 


Senior 


Curriculum resources ^ 


58.5 


61.8 


57.4 


Teacher's background and 
experience 


62.8 


50:0 


41.8 ' i 


Students' abilities and interests 


67.2 


74.4 




Physical facilities and equipment 


■ 75:3 ; 


73:2 


61:l 


Institutional arrangements (e.g., 
class size) 


78.1 


77.3 


74.6 


Community and prbfeissidnal 
support 


47.0 


50.9 


46.1 


Comment: 









To some extent all areas contain obstacles to the achievement of objectives. Of 
most importance to teachers are institutional aitangernehts; of least concern is 
community and professional support. 



Curricalam Resources 

Five questions on the survey focussed on curriculum resoui^es and cur- 
riculum development: The results of these inquiries areyeported in Ta- 
bles IV:2 to IV:6: 

Teachers Use cUrricUlurn tesburces to plan their lessons. Table IV. 2 
shows the degrbe to which teachers value various resources for this pur- 
pose. It is interesting to note that textbooks - both those approve^ for 
studerit use and others - are a major resource for three out of four teach- 
ers. School libraries are noted by over 80 per cent of early-years teachers 
as being important: Surprisingly perhaps, the ministry guidelines 
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themselves, althbugh they* form the policy basis for the science ctirr 
riculum, are ubt u^d^as a primary resource for planning by a large pro- 
portion of teachers. It^s also worth noting that teacll^rs make littl? use 
of materials hot prpdGc^d'specifically for educators. Science teaga2ines> . 
journals and ne\\fsletter_s are cited as important resources by 72.4 pec 
cent of senior-years teachers, but respondents probably interpreted this 
category of resbfirces as including science educafion niagazihes and jour- 
nals as well as scientific j^e^^ 

A series of questions fbcUssed on the textbooks Used by students. 
At the senior- and middle-years levels, a large hUitiber of respondents 
reported thcit their students Use textbooks (Table IV. 3) and that, in gen- 
eral, these texts are satisfactory (Table IV.4). These assessments were 
based on a number pf specific criteria arid referred to texts named by re- 
spondents.* 

Two final. questions in this section concern the processes used for 
developing carricala: Tables IV:5 and IV:6 suggest that teachers believe - 
that development, work is best done either by ministries of edacatipn or 
by committees Of teacher^ at school-board level: TTiis distribution of re- 
sponsibility reflects 'ess^tiaily the present situation in which schpol 
"^joards have formaf respionsibility for the implementation of ministry, 
policies. However; jOnly a few teachers think that the selection of text- 
books, is a task b^t accpmplished by 'ministries of education. Finally^ 
most teacher^ repfct that they have not had an opportunity to partici- 
pate in curriculum^development activities beyond the school level. 




* Only teachers' general assessments of textbooks are reported in thi^ volume. Oe^ 
tailed assessments are reported in volume I. - , ' ' ' 
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Table IV^ 7- kesmirc^s for Plaiihihg Iiistnictibh 



Resources 

Ministry policy statements 



Supplementary, material from the 
ministry of education 

Prpvihcially Approved textbooks'. 

Other science textbooks . ;? 

Commercially published curriculum 
materials 

Curriculurn^htat^rial^ devetopeH'' 
Ibcally r - r 

. : _ _______ 

Materials From teachers' association 

Materials from the school library 

Py^Jicatiqns from government 
departments 

Science magazines, journals, 
newsletters 



Percentage of teachers assessing various 
resoacces as fairly or very important in 
the plahhiri^ of their ihstriictibh (with 
ranking) 



Early 
50;4 (S) 

48:0 J?) 

61.6 (4) 

56.7 (6) 



Middle 



43:3 
73.4 
74 8 



(9) 
(3) 
(1) 



65.4 (3). 59,4 {g) 
' (5) 



.^^57.8 (2) 
40.7 (11) 
82,5 (1) 

33.4 (12) 



60.5 
31.3 (11) 
74^ (2) 

29.8 (12) 



53.2 (7). 
42:6 (10) 
(5) 
9.8 (13) 



69,.X (4) 
40.4 (10) 
58,1 (7) 
11.6 (13) 



Senior 



S^^l ^8) 48,0 (7) 



3l:0 (11) 
1^.8.0 (2) 
'81:5 (1) 

50.4 (6) 




44.0 (8) 

14.1 (13) 



Industrially sponsored free materials 
TV or radio programs or tapes 
Computer software ^ - 
Comment: _ ■ 

TextbooRs, both provihcially approved arid others, are important - esf^ially at 
senior and niiddie years. Schooi librarres provide important resources, especially 
at the edriy years, ^ _>* _.. _ : _ 



Table IV.3 Use of Testtbooks by Students 



Percentage of teachers whose students use a science textbook 



F-arly 



Middle 



Seny>r 



37.6 



70.9 



89.6 



Comment: »_ 

Al middle and senior levels, the textbook continues to be d£ great importance. 
There is great variation among provinces in the early yeafs (lbw:^7,l per cent; 
high: 9 5.0 per cent). J ^ ' 
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Table IV.4 - Teachers' Assessments of Textbooks* 



niosLofien used by students as fairly, or 

completely ''adequate with respect to 
__ _ _ -Various crileria 



Senior 



Criteria ^ 

Appropriateness of the scijence 
content fOr the grade level you 
teach J 

The relationship of the text's 
objectives with yoar own priorities 

Readability for students 

Illustrations, photographs, 

Sugge^jed activities y.^ . ■ 

Canadian examples >^ 

Accounts of .the applications of 
science 

Appropriateness for slow students 
Appropriateness fqr bright stydents 
References for further reading 
Overall impression 

' These assessments were made 4)f Specific textbooks n|Kied"bY the respondents. 
This table proyid^ a jgeneral^view of the degree of fi^cherst^^tisf action with 
the^fext^opls thjeir stu^ use;*see volume I, chapter'6 for'^assessmerits of 
individual textbooks. . . . _ * * _ * _ ^ 

^ This qiiestibri was only <Amcwered by those naming a textl>o6k in a previous 

^ '^Hest'P" .__In _addi (.Jqp^ there a tyjwj^^^ the questionnaire. As 

a resuity there was a larger number of nonrespqndents than usual. 

Comment; J 

Textbooks are generally rejgarded as adequate except for slow learners/ . 



Early 

84.4 

78:0 
72.7 
S5.Z 
76.9 
56.1 

65.3 
46;0 
78.5 
49:4 

> 

76.0 
(722) 



Middle 

_ 7i5.8 

735 
75. i 
796 
69.6 
49.8 

56.7 

30;5 
. 72.4 

38:7 : 
75.1 



83.3 

75 8 
73.7 
774 
*55.7 
28:8 

45.0 
25.7 
79.5 
46.3 
74.9 
(882) 
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fible IV.5 - Resppn$ibiie$ forCDrricDlflmDevelopinenl* 





W^^^^^^ wrly, middle and senior levels) concerning which agencies are the most appropriate to take responsibility for Various 

cumculuni development tasks ._. • 



1 




^4 

Defining 
osiialLaims 




Selecting 
textbooks 


% Preparijig 
\ courses of study 


Agency 


E 




rr . 

' .s ■ 


E' M 


E M S ^ 


Ministry of education 


■ ,38:1 


.48.8 


47.9 


8.5 8.3 


14.5*1^ 11,1 10.6 18.*8 


School-board officials 


7.1 


■ 10 


1.8 


5:9 ' 8;5 


1.3 ■'1 6,7 1.4 i6 



Committee of teachers at school- 
board level 

Families of schools 



Individual teachers 



0^ 

mi 



37.0 


35,0 


35,8 


51.1 


43:5 ' 


44:2 


io:o 


-5,7 


5,9 


11.3 


. 8,8 


' 7.8 


1.6 




2:0 


10:4 


13;9 


13.2 
17.3 


3.9 


3.2 ' 


5,1 


9,3 


13.5 



50,0 



12,5 



49.9 
5,6 
7,6 



* Figures shown are^percentages, 
Commeitl: 
Few teachers believe that ministriesj 



d^i 



ion should Select textbooks. 



41.9 
6.2 
10.2 
91 



iMt iV.6 - teachers' Participation in Curriculum Development' 



Level of activity 



School board 
Provincial miniflry' 



Other 



early-, miadie- ana senior-years levels nave participated.in 
planning,and development activities at various levels during the past few years 



No opportunity 



i. 



-M. 



-1 



-M- 



-1 



1 



51,0 
79:5 
927 
87,1 
83.8 



28,6 
67,7 



79,7 
82.2 



27.9 
59,2 
79,7 
77.2 



26,2 
15.1 
2,7 
8,8 
6,4 



24,1 
23.7 
6,3 
15,7 
7:5 



26,2 
30.6 
13,8 
17.3 



20.7 
2.5 
1,2 
1.3 
2,7 



* Figures shown are percentages. 
Comment: 



in curriculum development activities beyond their own school, 



uei 



-M- 



-1 



44,7 
6,0 
2,3 
2,0 
3,5 



44,6 
8.3 
4,6 
3.6 
3,8 
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Teachers' Backgrounds and Expeqeifcesllrili^ Educalibii 

^^^P^^^l^i ^^P^^^^ ttjachef s' backgrounds antf^expe^^ \vere/tt5^ 
cussed; Here, the fdcus is on insej^ice education, ah area of partictilar 
_ importance when carricoiani changes are planned. Tables IV.7 to IV AO 

report on teachers* assessments of the effectiveness of existing ihservice 
programs, teachers' wiijingness-^ participate in inseivice^^^feji;kshops, 
' * ttachers' assessments of th_e amount of inservice educatjiSnih 

and teachers' opinions concerning the value of v^idut inscji'^ice 
' ^ experiences. 

The ability of the scie^nce education system to be rebrterited 
towards new bbiectives depends in large measure onTts^ability to pro- 
vide useful and jijffective inservice training to a teaching force that, as 
y was noted in chapter 2,, is mature and eicpenenced; Yet, as Table IV.7 
^^ows, teachers dp hot feehthat present inservice programs are very ef- 
fective. Most teachers are^p^ared to participate in iniervice workshops 
(Table IV-8) arid feel that present quantity of inservice education is 
about right (Table IV.9), although different amounts are clearly needed 
for teachers at different stages of their careers. Table IV.IO reports 
teachers' dpinidns cdncerriing the usefulness of specific inservice experi- 
ences: Interactions with other science teachers rate highly at all levels. 
Many senior-years teachers claim that university courses in science are 
'"P^^R^^^"^- ^ ^^^ge number of teachers, particularly at the earjy years, 
'l^P^jA^^y^^S expeiience of many inservice training alternatives. 

5?^?*P^^'_?^-^ P^^ ^^^^ early-years teachers report, never having 
attended- a xonference»:or meeting organized by a 'Science teachers' as- 
sociatioifi. "ftjis situation is' perhaps the resuit of a traditidrial focus on 
secondary schoqis by suchassociations, and also of the need for eariy- 
years teachers to keep informed in several subject areas at the same time. 



Table IV.7 - Effectiveness of fitscrvice Education* 



Teachers' assessments of the inservice 
district 


program provided in their school or 

— - - - , ■ . = ■ 


Assessment ' 


\ Early 


Middii 


Senior 


Nonexistent 


34:7 


29;0 


3S.7; 


Completely or fairly iiiefiFective ^ 


32.4 


34.3 


. ; ■ 39:5 


Fairly or very effective _ _ 


27.9 


. 3.TS 


19,6 


* Figures shown are percentages. 
Coinment: 








At least two out of three teachers Hn^ 
existent or ineffective. y^' 


their inservice education 


progra^ non- - 
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Tabie iV:8 - teachers' Participation in Inservice Education 

Percentage of teachers ihdicatihg that 
- _ .^l^ey would (probably or definitely) 

participate in an jnscryice^ workshop in 
j _ .. __.tw_Q. specified circumstances 

Circumstances i . ' • Early Middle Senior 

During school hours if release time __ _ 

was given 90:8 96 2 95.7 

At a convenient time outside of 

school hours __,^„ _^ 63.9 77.9 . 77,8 

Comment: " ' - _ . 

Three out of four teachers are prepared to participate ia inservice workshops in 
or out of school hour*. ' ' - 



_ ._^:^j.^£^L,, ^ ^ 

Table IV:9 - Teachers' Requirements for ins«rvic« Education* 



Te ac hir s' asse ssme n ts p f the^ •> rr^P u n of jnser vie e ed uca t ion th ey req u i re per 
year in order to maintain the quality of their science teaching 



Amount 


Early- 


_ Middle 


Senior 


None 


4.6 


7.3 * 


9.8 


3-5. hoars 


30:6 


12:3 


17.1 


5-20 hours 


49.3 


64.0 


52.0 


Ah intensive refresher Course 


10.8 


12.0 


10.4 


A full year away from the 
classroom 


2.4 


i.7 


9.5 



'-Figures shown are percentages: 
Cbmmei^t 

Present amounts of inservice education (5-20 hours per year for most teachers) 
are appropriate: - - 




Value of insmke EdDcation lxperitiicti* 



IfiService Experience 



Informal meelings with other 
;8cience Iwchere 

■ 

. jnforinal;ineejings ivith university^ 
science education personnel 

Informal meetings with scientists 

psi 



Iward 



«cience 



of education officials ' 
University courses in science 
courses in science 



education 



Of 



Conferences ormeetiligs arranged 
by science teachers' association 



Visits to industry 

Visits from industrial personnel 



POwcj^ers (at early, middle and senior levels) regarding various ihservice experiences in terms' 



as 



Completely or 



E 

7,5 



^ Comment; 

■V 



6.9 
5.3 



7,0 
5.5 

5,3 
13.2 

lb: 

4,3 

3,7 
.15 
M 



M 

2,8 

15,7 
13;0 

5.1 

16,1 

* 

'':]7,6 
■■ 6,7 

15,7 
13,5 

18,9 

■ 5,6 

9,5 ' 
110 
lU 



S 



17,6 
10;3 

12:7 
31;2 
13;3 



19.1 
5;8 



20; 

12,7 

9,3, 
13,1 
.16.2 



E 

60,9 

22,9 
9.5 

61,2 

52,^ 

16:4 
6.3 

18.9 
26.3 

34:6 

53.3 



iriyof. 
very useful 

90,1 



42.) 
35,5 

76,3 

54,6 

36,3 
24.9 

28.7 
59,2 

50,8 ; ;^ k7 

66:1 60:o 



S 

91:8 

58.5 
44,6 

■75,0 

41,5 

51,0 
35,8 

31.4 



JZ,'. 



11:9 
56,7 
28,9:' 



E 

2?:4 

65:9 
81,8' 

t -. - 
31.5 

36.5 

74.2 



Figures showii arc percentages,' 
omment; 

E RXd^^^^ ^^^^^^ ^^^l '""^ ^^^^'^^^"^ oifiw teachers. 



21.J5 54:9 
32,5 \. 45,9 
_U:Q_L_.. -19:5 



72,7 
'54,5 

49.^ 

38,9 

71:l 
.59,5 
79,1 



No 
experience 

M 

6:5 
41:4 

50:5. - 



17,^t 



28.4 



2.7 

22:9 
.44.2 

11.5 

26.3 

34.8 
54,7 

j8.2 
11.1 

■21,0 
} 

26,4 :> 16,0 ■ 



45J 

>67,5 

54,1 
25,6 



32i4' 
36,8 
63,1 



16.5 
28,9 
53,7 



Students' Abilities aiid Interests ' 

If students are uriabte/dr unwilling to learn what is taught to them, then 
nothing in the world car\ make an otVierwiise succeissfully planned and 
implemented curriculum effective. As we had agreed with ministries of 
education at the outset that we would conduct no direct assessment of 
istudents' abilities or attitudes, it was necessary to rely on indirect evi- 
dence, namely, teachers' assessments of these factors: Tables IV, 11 to 
iV:14 analyze results of these inquiries and Table iV.iS reports teachers' 
estimates of students' extracurricular activit^s related to science. 

According to the vast majority of teachers, students are both able 
and vvell molpfvated to undertake science courses. Girls and boys have 
equal ability', according to teachers, but their motivation varies some- 
what: boys in the early years and girls in tfie senior years appear to some 
teachers to be more motivated. These perceptions tend to be related to 
the sex of the respondent, though not in a systematic way (Table IV. 14). 
Students also learn about science frorh extracurricular activities. Ac- 
cording to teachers, visits to museurhs appear to be a good way for 
early-years students to I earn about science; for rhiddie-years students, 
museurhs and science fairs are irhportaht sources of information. 



table IV: 11 - Students' Attitudes Toward teaming Science* 



Teachers' perceptions of the attitudes oF the majority oF their students. 



Student attitude 


Early 


Middle 


Senior 


Ready to drop science 


0.1 


0.8 


O.l' 


Indifferent 


9.6 




15.4'. 


Fairly rhbtivated 


57.1 


68:8 ^ 


75:1 


Highly motivated 


216 


13.0 


8 7 



* Figures shown are percentages 
Comment: 

Four out of five teachers find stud^®? to be well motivated towards learning 
science. -f^ • 



Table WM - Students' Backgrounds and Abilities* ^ 

Teachers' perceplioHs oF their students' backgrounds arid abilities to liridertake 
present, science courses 



Studeht's background and ability 


Farly 


Middle 


Senior 


Completely inadequate 


2.0 


4.7 


2.0 


FairJy inadequate 


23.2 


' 26.5 


i9.1 


Fairly adequate. 


^ 62,1 > 


60.9 


70:9 


Completely adequate ' 


8.6 


5.5 


6.7 



* Figures shown arc perceritages 
Comment: 

Two oiit of three teachers find their students able to undertake science courses. 
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Table - Attitudes and Abilities of Bpys aiid Girls* 

Teachers' perceptions of differences in attitudes and abilities (relating to science 
courses) betwlMffrBby^ and girls 

Teachers' perceptions ^ ^ Early * Middle Senior 



Attitudes ' 

-Girls more motivated than boys 3.1 12 2 21.6 

-No difference 83.6 70.4 68.1 

-Boys more motivated than girls 11.3 14.1 8.1 



Abilities 

-Girls more able thaii boys ' 4.9 6.0 6,6 

-No difference 87.2 ■' 85.6 82.4 - 

-Boys_fnorfi ablp than giids i, 4 2 2.9 7.3 

* Figures shown are percentages. 
^ Comjnent: ^ *^ i 

1. Most teachers see no difference In.^^titude or abili^ between boys and girls. 

2, Where there is a perceived difference in attitude, tj?achers <laim that bqys are 
/jf» ^ ^P^^ motivated at the early years, while girls are more mbhvated at the. 

senior years. 



Table IV:t4 - Attitades and Abilities of Boys and Giris by Sex of 
Respondent* 



Male and female teachers' perceptions of attitudes and abilities of girls and boys 

Early Middle ' Sehidf 

Teachers' perceptiorxs M F M F M F 

Attitudes ' ' - 

-Girls more ' ._ 

motivated than boys 4.1 2.^. 12.1 13.7 22.5 14.1 



-No difference 77:1 87:3. 75.8 65:9 66:4 80:3 

-Boys more • . 

motivated ili«f> g^js 18.6 9.6 12 0 20.2 10.9 _ 5.4- 

-(N) >^4l6) (1 256) ' :(^ 047) (271) (996) (135) 



Abilitieb ; 

-Girls i7ii'M> aIAq ^ _ _ _ . . _ _ __ , 

than boyb 5.6 4.9 7.1 -4.5 : * 6.3 10.1 

-No difference 84.6 92.2 89.4 '§3.1 V 85.2 84.1 
-Boys more able ^ 

than girls , 9.6 2.8 3.4 . .. 1.2 8.4 5.7 

-(N) ' (403) (1 227) (1 014) . ' (264)_ (980)- (1^5)^ 

' f*ig4fes shown arc percentages. I- 
Cumrncnt: 

The perception of attitudes and abilities in boys and girls tends to» be influenced 
by thCs of the respondent, but not ift a consistent pattern. 
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' Table IV.15 - Students' Scierice-Retated Ei^tracurHcular Activities* 



Early-, middle- and senior-years teachers' estimates of the proportion, of ijjejr students 



Activities 

A science fair project ; 
in a science- 



Very few 


About half 


Very many 


1 don't know ■ 


E M S 

, tA . . 


E M S 


E M S 


E M S 



club 

A visit to a museum or science 
centre during the past year 

Regularly read a science-related 
book or magazine . ' 



56,6 78,9 



t5.5 60.7 79,5 



4,0 ./Zl 2.4 M ' 22.3 4.3 36,4 17.9 12:7 



0.7 



3.8 1,2 . 0,2 0,6 0,3 46.4 



17.4 



33.2 35,7 43.5 13,7 ll;fr,:: ,16.5 ,17.9 21.8 10,3 30,4 27.8 28.0 

V'. -/ 



43,9 '50.9 m 11.0 14.7 .-3^,1 5,2 S.f 5,0 ' '34.4 26.1 28.4 



RegulaHy watch a science TV show 

$r listen to a radio show) . . 32,1 30.6 32,6 17,0 27,3 26.2^ 9.6 15,7 10,3 , 36,3 23.5 29.1 

43:1 57:2 61.5 6.1 7:8 5:5 ' - OA- - 0:8 - ■ m - 44:9 31.2 m 



* figures shown are percentages. 

Comment: ■ ^ ^ , 

, A surprisifl^y high pfoportioijof early-years teachers (S\ one in three) do not know what their students' interests are. 
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V. Physical, Institutional 
arid Social Contexts ol 



Science Teac 




Effective science teaching depends not only on the purppses^pf teachers, 
students and curricula being in harmony, but also .on other /actors, 
which are asaaily beyond teachers'. control: This chapter foq 
three such factors: ' s ' • ' ^ _ 




Physical facilitie$ (Tables ^ l^to V.3); , 
Institutional arrangements (Tables V. 4 to . ^r. 

Support for science teaching: (Tables V.9 to V,13>. 



Physical Facilities • ^ 

Effective science teachinjg requires Special facitiUes and'equipment. The 
exact requirements wifl vary, of course, depending on the course con- 
tent and the teaching level. To learn about the facilities and equipment 
presently available to ieachers 'and about teachers' vi^s of their ^ 
adequacy, several questions on this subje<i were included in the ques^ .^ 
libhhaire. Tables V.l, y.2 and V.3 report The' resqlts of this inquiry. 

These data- show that, hot surpos^jgly, most science in the early 
years is taught in a regular classrdotPtTthat there is hot usually enough 
equipment for students to participate actively and that over 50 per ceht 
of the teach&lkregard the situation as being poor or very poor. By con- 
trast, three^iS of four senior-years science teachers have a regular 
laboratory equipped for experimipfits by students, and the quality of • 
both laboratory and equipitf^^ ^re regarded as good or exceiient: The 
situation in the middle years is much more varied, although teachers' as-' 
sessments of quaffi^»are almost as high as are those of senior-year^ 
teachers. : 
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75 



0 



Table V,l - Facilities for Science Teaching* 






_____ o 

Facility 


Early 


fiddle 


Senior 


A labd^^ry or specially designed 








science room 




4l\ 


y 74.2 


A classrooin with occa^ionaK access 








to a laboratory 


7.4 


18.0 V 


215 


A classroom, with facilities for 








demonstrations only 




15.3 


V 1.8 


A classroom with hb special- 






facilities for science • 


78.9 


2^:r 


1.9 



•* Figures shown are percentages: _ 

. 

Figure V.l - FaciliHes for Science Teaching ^ 



Percentage of teachers 



0 20 ' 40 6^0 . 80 ibb 
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Tabic V,2 - Equipment and Supplies for Science teaching* 

Conditions^ _ _ _ _ _ Early S^l^le 



15.4 



16.9 
29:9 
41.5 



Senior 



•^mple equipment For student use 

Inexpensive, outdated; or donated 
equipment for student use 

Vjrtu^Uy_no_equipment for 
demonstration purposes 

Adequate equipment for 
demonstration purposes ^ 

VirtcMily no science equipment 
at alh ] \ , 

SuHicieQtCQ^nsumable materials 

Access to coB\puting facilities 

-Adequate audia-visual equipment 

' Figures sl^wn are percentages. '■ ^' ^ ^ 

^ Respondents were requested to indicate all categories that applied; 
consequently, the columns do not total 100 per cent. 




18.7 




7.0 ^ 


V 2.0 


16.3 




49.9 


) 61.8 . 


2.9 




16.4 


26^8: 


34.6 




52.9 


58.6 



Table V.3 - Quality oi Facilities and Equipment' 




ichors' assessment 



Early 


Middle 


Senior 


18:2 


10:3 


3:0 


40.5 


21.9 


14.9 


37.1 


54.1 


58.8 


2.3 


12.7 


22.3 



* Figures shown are percentages. ; 
Comment: ' 

Most early-years sc^^ Feel that the quality of jhe Facnitics and 

e^ujpnient ayailable to them is inadequate. The same opinion is held by one in 
(Tithree middle-years teachers. _ _ _ _ 



i 
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IhsUhitibhal Ait^iigeihehts 

Teachers of science bf^ferate in schools where schedules and classes are 
arranged hot only to Sccbinmbdate the teaching of science, but many 
other subjects arid considerations as well. Neverthdess, in terrfts of 
available time, science seems ^ fare as well of better than other subjects 
in the curriculum (Tiibles V.4 tp^V,S). - . 

Tables V.4 and V.5 sh0#' th^ range of^bjects taught l^f^ teachers^ 
For early -years teachers; science is only one of a variety of subjects that 
they teach, while senior-year teachers tend to specialize in science sub- 
jects. ^^bl^V.5 shows4he prvporhDns of male aind female teachers teach- 
ing each of the science ^bjects: While a greater proportion of female 
teachers teach biology man, say, physics, it should be noted that the 
overall 7:1 balance of male teachers to female teachers means that, in ab- 
solute terms, there ^re many more male than female biology teachers. 

Table V.6 reports the number of different grades and classes each 
teacher is responsible for. Early-years teachers tend to h.^ve one class at 
one grade while senior-years teachers teach several different clashes At 
several grade leyels.' Class ^izes, according to the data in Table V.7, avur 
fairly uniform at 20 to 30, and the time allocated to science appears to to 
adequate (Tlble V.8J. ; / 



Table V.4 - Subjects Tau ght: (1) All teachers?^ _ ' 

Subjects Early Middle Senior 

Science oiily 0 7 32.6 ^ 65.7 

Science and MatlvemaHcS 2.4 11.8 21.9 

A variety of objects 95.2 51^8 10-9 

* Figures shown aye percentages. . — 



Tabic "^.5 - Subjects Taught: (2) Senior-years teachers co mpared by sex« 

Major/Subject ■ 

Bioftgy 

rtemistry 

_ 

Physics 

Earth Science ^ 

- -( \- — 

Other science sutife^ts 



Nonscience subjects 

(N) 

* Figures shown are percentages. 







Female 


dverall 




25.» 


39.5 


27.4 




32.7 


34.0 


32.9 


• I. 


- 26.0 


14.1 


24:6 




09 


M3.7 


0.9 




5.3 


2:9 


5.0 




8.9 ' 


.8.4 


5.8 




(987) 


- (135) 


fl' 122) 



76 



/ 



Table V.6 -^Numbei 

^ 



DiHereht Grades and Classes 

Early 



Middle 



Senior 



Number of Grades 

-i only 

-2 

-More than 3 

Number of classes 

-1 only 

-2-3 

-More than 3 ' _* 
* Figures shown are percentages. 



64.§ 
23.2 
4.1 
6.2' 



647 
21.1 

-11:6 



257 
30.3 
28.0 
15.0 

13,8 
28.1 
57.2 



8:8 
32.6 
38:9 
19.1 

1.5 
19.0 
78.3 



Table V.7 - Class Size* 



Average number of students 



per class 


Early 


MiddJe 


Senior 


20 or less 


16:4 




12.1 


■^1-25 


. ^^-^ f ^ 


23.9 


23.3 


26-30 


36.^ 


39.9 


" 47:2 


31-35 


6.2 ^. 




15.8. 


Over 35 


. 1.4 


0.4 


, 0,6 


Average size 


25 


. 27 


27 


* Figures shown are percentages. 



Table V.8 - Earjy-^ Middle- and. Senior-Years Teachers' Assessments of the 
Adequ acy of Time Allocated to Science at Their Level* 

In terms of course content 
E 



Teachers' ^ 
Assessments 

In^decjuate amount 

of time . 17.8 



In rel ation toother subjects 



Jiist enough time 

Very adequate 
' amount of time_ 



53.4 
26 9 



M 

19:6 
48.9 

30:6 



M 



19:0 
52.3 



_2ZJ3_ 



31:2 
58.9 

7,0 



32.0 



61.2 
5.0 



* Figures shown are percentages. 



; 31.9 
62.l' 



4.5 



76 



71 



Supports for Science Teaching 

Science teachers are not always in the best position to assess the degree 
bf supp«4"t for science education that exists in other pdrts of the educa- \ 
tional system. However, we sought their opinions on this matter and on 
the existence of leadership in science educatidn at school arid school- 
board levels. Tables V.9 and V.lO cbrivey the results of these iriqUiries. 
A final area of interest for the study was the iriteractiori betweeri science 
education arid iridustry. Mariy teachers have rieyer experiericed any iri- 
teractiori betweeri iriduStry arid schbbls (Table V.ll). Few of those who 
have thirik that iridustry's objective is primarily to support schools (Ta- 
ble V. 12). Yet, despite this, an bverw helming majority of sciertcie teach- 
ers believe that there is a role for iridustry to play in science education 
(Table V.13). It is a challenge for delib^ratdrs to find what the role 
should be. 



Table V.9 ~ Leadership and Coordination of Science at School and Schooi- 
Board tevcls? 

School level . - Schbbl-bdard level 

&!« Jeadership. E / M g - E M S 

^ £Z : . 

Specially designated 
person 5.5 

A group of teachers 10:9 

Administrators 9.2 

No particular _ . 

leadershrp 63.4 

Don/t know 8.7 

* Figures shown are percentages; 

Comment:' ^ 

There is great variation in the data for school-board level when th^se data are 
compared by province: ' ' 



35.3 


66.5 


38.8 


42.0 


42.8 




99 


7;2 


8.4 


11.1 


7.9 




13.0 ■ 


•4.7 


5.5 


8.6 


^^^^ 




35.9 


?o:2 


24:2 


23.3 


35;2 




5.1 


- ;d.7 


20.5 


i?:o 


6.1 





78 



'7 



Trustees 
' Figures 



TahU VilO -Viewyf the liiipance of Science' _ ; 

Early-; middle- and senior-years teachers' assessmentsof the views oFVarious administrators/ 
.^"^ ^^^^^^^ °^ community towards science, rela jve to the 5ther subjects in the school < 
■ curriculum ' ' . 

— j_ fiLJTz r- ^ 

f Less import a nt Equally important More important Don't knn w^ - 

• J— ^- ^ - ^ s m s "rn^~r- 

19.3 10,6 9,6 ■ 53,1 64,5 68,2- 3,5 ... .12:6 . '^8^5 22^5 12.7 
18:4 _ 127 ^;3 41,1 51,5 54,2 'siitt -2,7 35,1 )\A 29.8 

31.4 18,9 9.7 29,8 46,8 47;8 12 13.1 34,7 ' 22,2 28.4 
.^^'l ^^'^ ' ^^-^ 34'6 38.8 2.1 0.7 1,6 52,7 ''48:8 .J74_, 

- V ' ■ ?:^: 

: f ' , ■■ 

; ' " ' 
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ta6ie y.li - Exp^ence of tndtisUialJi»Lplvfitielit iii Scieiice Education* 

Teachersy experiences^ 



Provisions of curriculum materials 

Financial siippbrt^bf activities such 
as science fairs 

Visits to industry 

Visits by industrial personnel to 
school 

Provisions of career inforiilatibn 
Other experiences 

No particular experience- 

* Figures, showri are per^ ' . 

^ Respondents were' requested to indicate all categories that appli^; th^vcplumhs 
do n<>t therefore total 100 per cent* \ ' • 



Early 


Middle 


Senior 


19.8 


29:4 


35:6 


.v. 


8.5 


15.8 


23:0 


35:1 




7.1 


11:7 


21.1 


6.1 


26.1 ^ 


> • 41.2 


8.2 


il.8 

t : 


9.0 


m.B 


40.9 


31.1 



Table V.*12 - Benefits of Industrial Involvement In Silence Education' 

Teacher^' omnions of industry_ls contrihnliojtS-la-Science teaching- 

\x. j,^ ^f^j^ - - - -- _ . — ...^ 



C!)a(riibh c6^, 
c6ntribution$V 



Exclusively- in 'th^inte rests of 
industry 

._. ?_ '/y_^^^ __ 

Mostly in trie Ijiter^s^ of industry ' 

Equally helpfur >tq both industry ^ 
and school < . / 

"P. ^ _ _( 

Designed primarily to assist schools\ 



Early ,) 


oMiddie 


Senior 








3.0 




5.3 


16.7 ^ 


26.6 ^ 


28.9 


19.1' 


31.7 


7.2 ^ 


8:9 


6:1 


50.4 


26.0 


26.4 



No bpihibh 

* Figures shown are percer^t^ges. 



table V.13 ^ The Role oi In^ 



- to Science Educatioti'' 



Teachers' responses ib the ql^estibh, "Do you believe it is appropriate for 
industry to be involved in scierye education at all?" 



Seiiibr 



Response . . . Early Middle 

Ve? 7l4 84.5 

No ^ . 3.7 ' 5:6 

No bpiriibri ^ ' * 22.2 7 A 

* Figures shown are percentages. - \ : - ^' - 

Cbmrttent: ' ■ \ 

Four out of five le^cners^ support industry's involvement in science education. 



88.8 

3:9 
6.6* 
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VI. Goneluding 

Gomments: QUestiGiis 
Raised by the Data 



As did other parts of the research program, the survey of science teach- 
ers raised as many questions as it answered: These questions, together 
with the data produced by the research, stimulated and informed a se- 
ries of deiibfe'rative conferences held across Canada during 1982-19§3. 
Those who participated in these conferences raised a number of issues 
that w^re particularly important to individual provinces and territories, 
bat thjdy also discussed questiqrts based on the national data included in 
this. report. These questions, which are relevant to all provinces and ter- 
ritories, are listed lit the pages tllat follow. They arranged to corre- 
'Spqnd,with th\e order of the preceding chapters. 

Science Teachers 

Trends In the 'Age of Sc'ieijce Teachfrs 

In many provinces, schools are/exp^iencing the phenomenon of declin- 
ing' enrolrh^^s resulting frjdin the passage of tf)e population "bulge" 
-, through itsflthopl years. A direct result of this is_ ^at school systerrts 
have, in rriany places, hokqrUy stopped recruiting hew teachers, but 
^have been Forced to layoff those already employed. Usually, the J^bu rig - 
^st (or leasi sehior| teachers have been laid off. This is brie reasbn fbr the 
relative abJehcc^bf yburig teachers (Table II. 2) and fbr the relatively ex- 
perienced teaching fbrce nbted ih\.Table II. 4. Hbv^ever, several drstUrb- 
ing cbnseqiiences of this trend should be noted. The younger teachers 
are amdng the best qiialiBed (Jable II'^); th5J:^is also a more even bal- 
ance t>etwc<?n the se)<es in this group (Table I^^. If policies concerning 
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teacher layoffs are continued, what will be the consMUences Ybf the 
teaching of science, especially at the elementary leveW 

Preservice Teacher Education " ^ 

Assuming that iUs inappropriate to expect sctAice to be taught^at any 
■ levekby a person who has not had any college- Ievel__courses in either 
science or mathematjcs, the data presented in Tables ILlO and ILll are 
cause for concem: The data show that mdr(^ than half of all early-years 
teachers, and more than a third of all miadle-years teachers, have never 
tak^n mathematics or science at the university level. In view of these 
statistics,_What changes should be made in preservice tfeacher education 
and certification requirements? Of coarse, in view of deciinirig student 
enrolmen t any changes made will only affect the very sitiallnumber of 
new teachers entering the profession^ Changes in the backgrounds of 
those currently teaching science are a matter for inservice educatibn^see 
below). ^ 

- - - - ; ^ i 

Work Experience Oufsid^^ of Teaching 

As Table 11.13 suggests, many science teScRers have had science-related 
jobs. If the present tr^^^^wards greater concern with the applications 
of science, the relationship between science and society and the use of 
technology continues^^ these experiences could pi-dve invaluable. How 
can this type bf exj^^ence be recbgnized and encouraged fbr those who 
are,'dr plan to be, teachers of science? Also, how can teachers use this 
experience as a pedagogical resource for students' benefit? . 

_ _ _ _ . _ _ , _ _ _ . fc . • ' • 

Objectives of Science Teaching , 

The Number, Variety and Balance of Objectives 

The analysis of provin^cial science curriculum pblicies (vblume I, chap- 
ter V) prompted the question, "How many different bbjectives can a 
science program. reafistically b^ exjjected to reach?'' The question is* 
equally apt here. As Tables III.l; Hi 2 and 111:3 show, teachers appear to 
be as enthusiastic as ministries of eSucation in aiming at a long and var- 
ied list bf bbjectives. In volume I, we suggestecl that to test whether real 
cbrhrriitment tb a particular objective exists, we.shoald ask, "What prac- 
tical difference tb the day-by-day teaching of science would it make if 
each objective were separately drbpped?" Teachers, as well as minis- 
tries, might do well tb ask themselves such a question. 

■ * ' ** 

Changes in the OhjMives of Science Teaching , 
The survey made no direct inquiry into teachers' readiness to accept 
change in the balance of objectives in their science programs: However; 
the fact that those objectives that were thought, to be the most , 



important are also those most frequently encountered in pr^sent^cieflce 
pfbgrams suggests a certain resistance to change on the part of itirst 
teachers; The authors of Cbuncil's discussion papers have, explicitly or 
implicitly, suggested alternative objectives, but these have received lit- 
tle support from^cience teachers. This can mean several things. Perhaps, 
teachers know best what is achievable in schools, and present programs 
are a reflection of their judgement. On^he other hand, thexritics may. be 
right, but the teaching profession has not yet been persuaded. There, is 
little doubt that what teachers believe to be important ii^a major influ^ 
ence - perhaps fhe major influence - on what actually takes pjac^ in 
classrooms. Clearly, dialogue and deliberation is called for between both 
those inside and those outside the education system on this most urgent 
of all questions: Wjiat should be the priority among objectives for 
science education? 




Assming the EffecHvehm of Science Teaching 
Discussion of the effectiveness of teaching with respect to vai 
jectives tends to be contetitibus and political. The measureiMBPof 
learning is, of course. Fraught with all kinds of technical difficul^(> Vet 
most teachers, administrators ^nd parents recognize that certain objec-: 
tives can'^be and are being met in scj^bls. In recent years, some prov- 
inces (notably BC, Alberta and Maiutbba) have instituted assessment 
programs aimed at determinmg hov^ffectively various objectives of 
science programs are being^et. Despite the comfoversy surrounding 
such assessment progr^s, they may help clarify the debate about new 
(and bid) objectives by telling us what schoois ^^a" «l0/ and do, well or 
pbbrly. Having such information, educators could better assess the fea- 
sibility of introducing n^w objectives or, atjeasf; the strategies requi 
to do so. Until such data are available, we must rely on teachers' assess- 
ments of their own effectiveness. At the same' time, we should question 
the reliability of such self- assessment: At issue^ for prbvincial delibera- 
tibn, is the matter of exfending, introducing and imprbving-systematic 
approaches to the* evaluation of students' learning. 



Instnictibhal Contexts of Siieiice Teaching 



Factors Affecting the Effntiveness of Science Teaching _ _ _____ 

If assessing the effectiveness of teaching is difficult, determining wlvcH 
factors "most strongly influence effectiveness may be more difficult stUl. 
Some factors, such as clas* size, rnay affect the pleasantness of tlje work- 
ing atmosphere significantly and thus lead a teacher to suppose that he 
or Se is Being mbre effective. Factors that may increase teachers' enjoy- 
ment of teaching may make little or ho difference to the degree to v/hich 
students achieve bbjectives. This situation lAakes it difficult to Saiow 
which Factors are'n\ost crucial to teaches' effectiveness and students' 
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learning when a change in objectives,is contemplated tacking any fur- 
ther evidence, we must assume that all of the six factors identified in Ta- 
ble IV. 1 are (more or Fess equally)iinp6rtant. Are there, bowevCt;f]Other 
Y factors that influence teaching effectiveness significantly, about which 

, data are heeded before the costs pf o^^hahge in educationll objectives 

, can be estimated? f * ' 



Curnculum Resources v 
resources - particularly textbooks - sufficiently adequate 
to allow desired objectives to be met? Or, to put the matter in slightly 
differeiit terms: What new curriculum resources are required to. enable 
teachers to achieve objectives that cannot be met witliexistihg itiateri- 
^F^Hovvrcan^materials that contain useful rel^^rces (sUch^af^ovenir 
rhent^ jpubjic^jtionfc) be made more accessible 4b teachers? can . 

computer technology^ be developed to increase curricuium resources for 
teachers? There is ample material to satisfy all cesource needs in exist- 
ence. The problem is to make it available in the right forrn at^^e right 
time (and at the right *price). How can these problems be sor^'ed? 



ft 



Prpcesses of Curriculum '^Efevelopmenl '''^ 
^ Will existing procedures, which are supported by teachers, allow science 

- curricula with diif erwt pbjectiyes to be developed, or will new proci-, 
dUres and the partici^tibh of different people in the making of policy 
decisions be heeded if chahg^^ to occur? ^ , 

■ . . ' { - ; "k- 

■ - ■ 5 o ■ . » _ _ . 

Inservice EducnHon . . ^ 
'V^ Howcari inservice education be made more effective so that teacher^ can 

condnae to enjoy teaching science, and can maintain and de^fj|^ their 
abilities tp So so? D^ta prese^e^ in this report suggei^t tha^^Kvice; ^ 
^ ediication in its present fomt i% not very effective (Table I'^^^HIjba 

many different groups responsible for it? Does it, haye ^^^^^^t^tfj/^r ^ 
^ tivet? Does it lacl^ adequatje resources? ^ ^ ^^^j^^^^P- 

- , . . '^-^ * ■ -^^ • • i ' ■ I 

^ ^ Si^denfe /ri?fm/s <m<i A6i/i/ifs ■ / ^ ; : ' ;^ >^ 

; ^Dbes science teaching adequately c the interests and abilities^ , 

- : : of all Students? Al^ignificai^iiumber ©f teachers do not wh^i » 

j''*^^ ^^dehce-related extrair^w their stuSntli- How ^ 

• Nv5^^£^$ seiehce activities outside school, which students find iiterestiSg,^Be' 

> V better related to the science that they learn insid^the schbdl? 

■ »' - 

^ Science^ Teac^i^ fi^JSq^ and Gir/s^^ • ""^^ ^ - i * 

ftWhat can tearli^dd tO/easur ah active interest jh 

science'lMo&f teachers see no differen^^^ttitiide or ability betw^h ^ 
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bbyf^^^fe (f a^^'^IV.iaj^Yet g^tis ojitinvef'to ctrdJ^P^rscience at a . 
mudi higher rate than do boys. What can be done iq change this 
pattern? ^ - i v 

Physical, InsHttitibhal and Social Contexts of Science Teaching .J^' ^ 

Phys\cahfm\\\\es mi Em\pmm\ , ^ _ _ 1 _ 

.y What cfifferentYacilUi^ are required ^or the achievement of the' various 
objectives pf sciertce edocatiq^ Laboratories are clearly required if stu- 
denfs are to develop all the ^ills of the experimental scientist. Sipce 
t|^e objectives have been regarded as imporPant, there has Been a cpr- 
responding move to ehi^j^e^hat laboratory facilities were'iiySilable. But 
are "science-and-society''' objectives best achieved through laboratory 
work? if not, what type of Facility is requirei? Tp put the matter another 
' way, if we were to design a new ^hool with facilities and equipment ^ 
appropriate to the objective^ of scier\ce educatibh in the 1980s arid 
i99ds, what might such a school cphtaih? • 

- i ' . * ^ ^ . . ' ■ . 

insH^w/iarifl/ y4rrHM^?m?n/5 i^^-- - /; 

•What relative importance should Be given totscienee a:t each stage of a 

student's education? - " , .-^ 

4 • ^ 

leadership in ' _ 

f^at kinds of feader^hip af^t^ilired, especially in elementally sdence? ^. 

How can the resources (espeSiallyythe humS|j Tesourc^cjf sejsbn^iT 

^tiehce teaching be extended to af 35st an^ihipmvessc^ence e^ac^tipn in 
the iiyddle/ahd early yearsi^ , ^^t •; ' / ' , . : ' 

. " ' ' ^ X X - -r- 

Views of 'lh}Jmpartan^^ . . i- , _ > ^ _ 

* i^¥e educatbrs^^aiid polit^iaris siiff\cierit1y c^rivirited of the jpiportance 
of sciehGe iri^the educ4t^i.bf students? If %b^Hpw can their vjew& be ^ 
changed? ^ ^ • ^ 

_ ^ ^ _/ . ' _ _ . .. 

1 'rndustrial Irtvolvimieht m Sdmce ^d_uc6Hon \/ 
How can industry beGoJo^ ijbre inVblvecLih science e<iucaHbri wi^biS^t 
dimiruihihg the ihti^fi^^^ ieachers^aiia' thejp^ toWards^.^, 
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^ SCIENCE/ EDUCTASION |STUD Y 



A Question^^ire^or teachers of Science, , 
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ERIC 




I Ocrbber 1981 



To fiach 




The Science Ci)uricj| of Canada is currently undertaking a major study into the directjon^f 
cdocatibri in Canadian schools and invites yop to participate by corripieting this questionnaire.^^ 

. First, however; some ekgrouhd iriforrtiatioh; For several years now, science educatiJiiMfl(n>ecp tfie 
object of growing criticism aod thisiias become a rtiaUcr of c6hceri\t6 the Science Cbundl of Canada. So, 
with the cobpcratiah of tht Council of Mihistcrii or^ducatiori, the Scierice Council decided that a better 
undcfstahdihg of icicncc teaching, its prdblemt and dirficulti<:?,.wainecded before anyuscful recommenda- 
tions for chari^ dliildb^ corisidcrcd^^ * 

To this end^he comnrients of teachers of science — you/^ colrimchts — ai*c of vital impbrtanpe. By 

ing to 11* questionnaire, you will be providing us with information that will help us to answer three 
ion%: % . - ^ 



What are the aims and objectives of* science teaching in Canada today, as pcrccivga byicachers? 
^- What problems arc encountered by teachers when they try to achieve these Objectives ifi practice? 

• . 3. Wh^ changes are required if science education is to continue t;o rtieet the ng«^ 
years lb come? - ■ * 
■ " . _ _ . \ _ • _ 

Your sciibol ha^ bccii rahabmly selected lb participate in this 5tudy arid ail teachers who teach science 
(^whether full or part tirtie) arc being asked individually to respontfib the quejtibnriaire. 
_'^ _^cience prograrrfs a6d administrative lerttlinology vary greatly frbm brie province br territory to 
an'b^nerj^nevitably. therefore, Jomr questibril will riot sccrii to be worded ijvari exactly appropriate manner. 
We rrt^pc; nevertheless, that you will respOrid as cbriiplctcly ai pbssiblc. Tharik you in advance for your 
cboperaiioji. _ . 

ypu can Jku* ssj^fiS^^^^ will be treated in complete Cbrifidcricc: Our repbrts will ^bt 

*'deniify partjc^ipating schools. When you have completed the qucstibrirrairc, place the response 

5^hcct in the envel^e provided, seal it, and return it to the persori who gave it ib^bpii— withiri a wj&k, if 
possible. , 'r-^i' > ' ^ ^ - *•? 

_TI?A"I' you ajt^ (or your part icipaUgn. If yo_u woul J Ijkc to have moi(g,tnformatiOri abbul- Scierice 

^P"^?'l PrAli'^.Scicncc Educ^^^^ Study, you can obtiin;pur publications free of cjVprge from the Cfburicirs;- 
Publications Office. ibO Metcalfe Street, Ottawa. ' , 
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IMPORTANT:' Wc ask ihat you rospond to each item in this questibhnairc by circling the appropriate number dn" the 
separate response sheet provided. ■ .■ ^ 



I GENERAL INFaRMAtlON 

Ifl this seciion. we are iiHcresied in learning sdmclhihg abdiu ydii. This will enable us to understand better your ■ 
opinitFns concerning ihc objecl\es and difJ^fTultics of science teaching. , 

A- ' 



Arc yo 



rrehUy teaching sonic science? , , 
- ' 'f Circle one on the response xheet) 

a Yes I 

'h. No* \ 2 



if your answeyy"No". please do nbi proceed further. Kindly return thistjuestibnnaire id the individual wh<j gave if 



to you.f^hanWou for ypur cooperation. 
If your answer is "Yes", please gd bri lb the next qucslidh. 



2 A For ihepurgose of our study, we have^defined thfce levels of teacfhing. At which level is mo5/ ofyour science teaching 

current leaking place'' Please select only onejof a. b. or c. ^ 

■ ■ . ' ^Qiffie^one) 

a. Edrly Years (grades k_-6 for all proymces except k-7 .. ^ * 

y ' in B.Qand ihe Yufconr - > " T?.,/,,^"^! 



b ^ddle Years (grades^9 fot -all "provinces except 



secondary J.*3 in Quebec, gradi^s 7-[0 in 
dntarjo. and 8-10 In B.C.' and *fKc ^ " ' 

YukOtftj"' " • v^v •■■ 

c. Senior l^ars (grades I0-I2jbr all prftvirices except 
* ^ cHb-lf in Newfoundland, secbndary 4-5 ' ^ 

V. ' ^ in Quebec, grades j U13 in Dntarib, and 

■i''' I I-I2 ih/B.C. and the Yukbn) " ■ ' 

i> • Note: Altfibugh ybu may teach (bi- have taiigH^ at more than otic of those levels, we wouLcl askv'ou to complete the 
^esl of ihis quesiibririairfe OS though yoW'bhly taJi^hi\at fhe Tevel ybu have marked. » ^ ' 



J.''*' What is your age'' 



.. . 2 





ERIC 



-How many years of bvcralj tcachfng i^ipcricncc do you hj^c. incl 

a \ ycaUi c., new id leaching thi^ yearj . ^ j 

2-5 years 2 

6-9 yeaTp^jf. . . . , .^^ >.vt> . :. . . 

lO-j3ycSfs V./j'....... 



14 years o^rtiore ^....^.l 5 



II CCRRICdLUM £ INSTRUCTION 




IrMhis vcLhtih: ihr (jiicstibris Have lb do wUh ihcbsv^rallaims and bbjeclives for a sijidenrs learnihg science and wiiK 
^ihe 6t)ijcc (o which tHe*c aims can be successfully achieved ihrbugh preseni science ptograms. * ' , ' 

. J here are man \ reasons why objeciives. cphsldcrcd &y teachers to be imp or la hi. aire nevorlhejessdifficull I o achieve 

in praciicr Questions 6 and 7 ccniain a list Of pbssiblc^bjcctivcs-fdr science leaching. Question 6 asksf^bu to rate the. 
imporlante oT carh ob>cliye/Dr the leSa^ you teach. Qucatiori 7 asRs you lb estimate the effectiveness of your own . 
teaching with respect to each objective: Question 8 then explores some bflhe pdiential bbstacles lb achieving objectives. 



Impbrtai^crbr^ bject i vcs 

PJeasciri^U^atc your asscssrpcrit of the importance of each brthe TbUbwing bbjeclives for r 



level which vou 



-Scale: 1 — Nbimportaricc 
^ 2 — Of Jittle importance 

t-' 3 — Fairly impbrtaiit 
Very irfipbrianl 




.J^ Understanding scientiftc facft. cbnceply. laws. etc. 

b. DcvcIbpiTig social^ i lis («.g., cVoperitibn " 
\ cbmmuhicatibn. sefise af respi^ibriity) . . . T. . 



fCirafe ohe oh each Tine oh the response ^heet) 



I- 




c. Relating science to career opporluriitiesg;^: 

_ d • . vcj op i ng^ i h e s k i 1 1 s o f r ea d i ng and r, 
_' lijndersiaifding science-related materials . . . . : : 

■ t^Mit^iogical o^ engineer I ng activity 

r.. Qa^lopihg attitudes apprbpriate tb^cicntiflc 
^ .ercocavbtir (e.g.. ciribsilyl crcativilY, #kepticisjp) 
>g: " D ri^cr standi rig ^fic history a ^ philosophy of science . 
•V* nderstanding4 he practical app I teat idiis of sc^ 
- i. Dcvelg^ing skiiis and processes of invest igatiorv 

fe^ ?!pb|«rving. ciassi^^ ' * ' •(^^ 

ceiidq^ng experiments)^ ^ . . • • • • \ 



«1 



I. 





amtmg^lhc relevance of science to the i^d 
and inie#»ls of bolh men and women \ \2 

k. J^elating scientifij^ explanation to the student's 
cbaceptidri of th 

Uridci^^ridirigi^ wai^lH&t scientific kribu 

is dcveJoped . : 77?:: / : . : 

m.NPeveljgri nR agfe wareness of the Haclice of science 
in Canaaa"! - ^ - " 

, V f V 

n. UndefSlapding t he role and signiflcance of science 
in mcMJern sjjpiety; 



3, 

3 

3 

3 
3 

3 

3 
3 
3 
3 
3 
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Achievement of objectives 

How effective do you feel yoiir teaching is at providing for students to achieve each of the Tol 
you do not attempt an objecftve. circle 0. _ ' 

Scft: 1 

-I. " 2 

; . J 

* 0 



objectives? If 



^ Understanding scientific facts, concepts, laws. etc. . • I 

S Dey c 1 gpi n g s g c ia 1 _s_k i 1 1 s (e ^ c o o^c r a t io n . 
^i^communication. sense of responsibility) I 

c dialing science to career^opportunitics - I 

d. Developing the skills of rcadtni^ahd 

understanding science-related ifiaterials . . I 

e. IJhdci'stahding the hayjrc arid processes of 
(cchholbgical or chgihccrihg activity 

t Developing attitudes appropriate to sc' 

chdcai^ur (^.g.. curiosity, creativity, ske^Bsm) 

g. Under4|tandingthe history and philosophy of science . " I 

h. linderstandmg the practical applications of science .. . I 

i. Developing skills and processes of ihvcstigatibh 
(e.g.. observing. classifyHig. 

conducting experiments) ' ' I 

j. iJriderslaritfihg tJic i-ctlvahcc of scicricc to (he heeds 

and iritcrcjl'^of boih men and wdmch ■ . y. . - - - I 
k Rclatii^lcientLfic ex pJa nation to the /tudfcni's ^ 

cbhc5f4srt'Of the world I 

1. Understaftding the way that scientific knowledge 

is developed _ ' 

Pc^clpping an awareness of the practice of science 

in Canada ' I*^ 

n. Understanding the role and sighificance brs<:iehce 

in modern society 1 » 



— Very ineffective 

— Eiirly ineffective - 

— FiiLjl effective ^.-rfi^v^' ' 
~ Vcr^ffcctivc- 

— Not attempted * ^ 

(Circle One line) 



y2 

2 
2 

2 

2 

2 
2 
2 

- 2 
2 
2 
2 
2 
2 



3 
3 

3 

3 

3 

3 

3 
3 
3 
3 
3 
3 



4 

A 

4 

4 

4 
4 

A 

4 
4 
4 
4 

A 



j; 8. Obstacie|^ achieving objectives 



92 




ixareas 
' cschting 



s which may cohtaih obstacles totheachievemcnt of objectives. Please rO^tft^^^m porta n<Ic 
ting obstacles to the achievwncht of >'dU^ ' .: \ . , 



of 



Scale: I — Np im^prtancc , 

2 — Of Ijttlcjmportance 

3 — FairjyWpprtarit : 

4 — Vefy important 



.1 



a. Curricujiun resources (inclucfing Mmistry/ 
Department guidelines, textbooks, etf .j . . . . 

b. My background and experience (p re-service 
and in-service) 

c. pfiysical racilitics and equip rticht ^ 
d oSti^cnts* abilities and interests • pN^* 

e. " iRstitutipnal arrangements (e g,, class S«<t. lime 

allocation) . ./ • •, • 

f. Community professio^aj sjS^port (Q.g.. parents, 
principals, superintendents.'^rustccs) 





(Circle one^ each line) 




PARTS lll-VIII 



3 n t^c remainder of the quesliohhaiTe. we are interested in exploring rUrther those six areas identified in Question 8 
w^i^h Influence, In various ways, the effect ivchcss of science leaching. 



5 ^ 



5 III CURRICULUM RESOURCES 

^- . .T*^^^^^'*.^ 3 ^^'!^*y 9? nfi^Ac^'jaJs w^^^^ have ypu found the following types ef 

tnalertai to be in your planning? if. for any reason, you do not have an-opinion. plepse circle 0. 

; ■ ' ' Scale: j — No importance 

■ 2 — Ori'^ti^AG^PPr^^nce' ' 



Pfl'^'yiniPPttapt 

: V«!^'*y_inippj*tant 

T*4o opinion 



a. Ministry Department policy-'Statcmc^^^ : 

b. Provjncially Territorially approved texts 

c. Other science texts 



d. Supplementary rnaterial from th^ Ministry/ 
Department of E(/ucation g_.'. ........ 



e. Curriculum maiehal developed in your school ^ 

school board J], . ,j . 

f. Commercially pubJished curriculum maf^rial^ other 
than textbooks such as kits of printed materials etc. '. . . 

g. Publications from government dtpartmer)t$ ;;o 
(other than education) j : 

h. Materials from teachers* associations . . 
1. Sciifnce magazines, journals, newsletter^^tc. 

j. Ihdusirially'^ponsorec] free materials 

k.^V ^r radto^rograms or tapes 



I. 



Mater;^^^ 



pthe school library 



(Circle one on each line) . 




2: 


3 


4 


b 


2 


3 , 




, 0 


' 2 


3: 




0 


2 


3 


4 : 


0 










. ^ 2 




4 ; 




2 


3. . ■ 


4 


0 


2 


3 


4 


0 


. 2- 


3 


4 


0 


2 ■ 




•4 


b 


' 2 


_ 3 


4 




2 


3' 


r- 


" 0 






4- 


0 






4 


•0 



^ m. Computer solflvare ^i . , . .j - I 

1 0. S t,u dent- te X tbp o k s . ■ . • * ' 

(a) P'cajf identify the grade tl^at youYeacji science \o mo^l oflfn this year. ^ ' ^ ^ 

* ♦ (CircJ&only*one) -> v , / > 

> K -1 2 3 4 5 fr*' 7 8 9 k) 11 12 , % * ' 

. • ' ^ ' ' \ . - - . 

(b) Do the studerits_ih this gra^e use a science textbook? ^ • \ ' 
Yes ; I ]^ . please go on to part X^) ^f thiyqucsfiph. 

PJease go directly to Questioti \1. 



No 



( ^ ) h lex t b p q k i s u^s cd nrios t _pft eS rfyj; i u d c n t s in t h is 

Kiadc? Provide as mucb_infonnauj||tj5 you_can. If a 
seriA of books i&^i^sed, give the series title only.' « 
a. AuthoV(sj 




b. Title 

"^c. Publisher 

.3. Year of»cdit!on 



(Provide this information in th<^ apppopria^e 



. ^^. ^ ipyce on the response she»t) 



6 



f 



r 
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M: This question concerns the textbook you identified in Question 10. Please assess the quality of the text in respect of 
each of the fbI!o*ihg criteria: ; vi 

J (Circ^ onejyn each line) . 

Complete jy fa »jr|y. '_ FA'dv _ ^^"^P'ctf'y ^ 
inadequate inadequate adequate adequate ■ 
. ' r 2 3-4' 



ncss of the science content 
level you teach 



Thc Velalio_nship_ of the text's objectives 
<j your bv^n priorities . r_. 

•_ : ' ^■h. -jT 

c _ Readability for students tifc 

d Illustrations, photography, etc. . ^R^, " . 

c. Suiiirs ted activities 

f: C'SDadian examples . . . »y 

g. Accoutit* of the applications of science 
h Aj»propriatencss for slow studenK 
I Apprppriatehcss lor bright stiidciii 

j ^cfercriccs lor further reading \ 

A. Overall impres.s^n 




3 

3 
3 
3 
3 
3 
3 
3 
3 

3 ^ 

3 



4 
4 
4 
4 

4: 
4 
4 
4. 
4 



^ _ ._ ^ _ _._ , 

. Supposcaocwscicncc pro grjim is _t o be d c y c Iq pc d f o r your grade 1 c v c j . jjx'i s fP u s t ^n v o j v e ( a ) d e fi n i n vql 
a objectives: (h) selecting tcxtbpoksLa.o^ (cl preparing dctanc thf/olibwmS^ 
BmbcreQ l-i>) do you consider to be most appropriate t(f take responsibility foitea'C^j^lhese tasks? *^ 
' I. DepartmenI/ M;in$sti^QrEducatibri 

" ^ 2. Schqbl board o7f1ciais\ v 

t , , .3. Cbmlnittee of ttacheriat school board levql ' 

j» , 4. Famiiicfc of schools ' 

^ ' • '^5. individual schools , 

6. individuai teachers ' 

* _ ' * ♦ (Circle one on each Tine) 



a. Defining aiitis and objectives 

b\ Selecting irtttbboks ^: . 

c Preparing det;|i|^ed courses of study 



.13. 
lev 





6 

6. 



^ ■• 

1 6_wkut extent hav^j^u pacticipate J in curriculum piannirigjand deveiopraent aciivirtcs at each of the following^ 
ttk aaritig the pasf'fevt' ytf«t*5? . : ^ " < \ " ^ ' 

. > 'A * • (Circle 4^ne on each Tine) - ' - 

^ "^.\ ' , No opportunity- . Participated Participaftd 

: *^ ~ - '. to participate bccasionally Trequehtry 



to participate bccasionaliy 'frequehiry 



a. School . .. . . - 

* b. SeJioql board . . v. . . . . . - 

c,:Jri3tihciai; Territorial Dcpattmeni/ Ministry . «r. 
d'. Tca^choTs^^ itssociatio!n^*r-rfX ■ 
c^t^er^ .t^//^.'. 



I 
I 

1 
I 



7* 



2 

' T 



t 9.4 



LA . 




IV TEACHER BACKGROUND 3c EXPERIENCE ;k 



14. Plea ST indicacc the highest IcVcl of cdd^lliibri you hayc compTeteJ. 

' \„ (fircJe one only) ' 

ii. tUcmcntiry schpbi , j 

•^'b. High'schobl .p.:.: . . .L2 

c Communiiy college aipfbma {or cqUivalci^ 3 
d. Teacher's college diploma (or cquivslcnU ;^ 4 

c. Bachelor's degree , , k.. . 5 

f. Master'^ degree 6 

g. r)oc(or<ii degree \., 7 



IS. Please indicate Ihe highest level al whish you Jijve studied the following yih/ecfs. 



a. Mathematics \ . \ . \. . \ , 

b Ppre science (e g., physics, chcriiistryj 

c. Applied science (e.g.. engineering, medicine): 

d. r.ducation^ 



(Circle one on each Jine) _ __ • _ 

Noisiudicd -Bachelor's Master's/ Doctoral / 
at university level • levrl V 

' 2 , 



level 

3 --. 



I 

1 
1 



^ 16. How long.has it been smce you lajj took a pOSl-^ccondary Course in each of the fbllbwirig areas'* 

_ _ {Circle one an each tiricX 
v> .y^ Never More than 6-10 1^5 



CurTcrilly f.y 
ehroNed 




JJ7. As preparation fo|^yoiJLr work a» a science 



a. V^ur jtduc^tion in science? . . . 

b. YcHJr training's a teacher 




__ . . 1 t _ . t • 

M. How helf>ful hks your post-secondary eduction been tb-ybu a scicri^ teacher^ rcgafdWthe rbllqwing areas? 

s I ^ : V. ^-'j' . -.- ,^^CircJe one on each tine) ■ .^"^i^ 



uch help 




19. What sciencc-reiatcd employment have you had other than t^achtng?- 

(Ctn'Te ait that appTy) 

a,- N one . ..\\.\\\ \ WW \ \\ ^.^. \ W I 

b Work in a science library \ 2 

; • c. Routine, work in a testing or analysis 

laboratory 3 

d Research or development work on methods. 

products, or processes 4 

e. Basic researth in physical, medical, biological, » 

or earth science WW . , W ^ 5 

• _ _*f 

I Woric in farmihg. mining, or fishing 6 

g Other industrial work including engineering 7 



20: Rale the value (»f each of the following in-scrvice cxpcricriccs in terms of their cor(tribUtion to your work as a science 
teacher. If yoahSvc ho ^periehcc in a particular activity: please circle 0: 



a. informal meetings with other science teachers 

b. informal meetings with university science 
education personnel 



Complete iy 
Useless 
- I 



(Circle one qfieach line) 
Fairjy ^^[^Mf ^en 
Useless Useful Useful 
2 3 4 



I 



-j: 



c. Inforrnal meetings w^h scichlisis 
a; Workshops presented by other teachers : 

c..' Work*hjDpis presented by school board U 

_Work shops presented by university science 

catioTi personnel 

g. Workshops presented by scientists . 

fe Workshops presented by Ministry ' Dcpaj-tmcht- 

Vof Education officials .?:::::::::::::::::::: 

i:^rijvcrsity courses "in. science . . .^w> 

j. University courses in science cdut^^n <. . . . 

k. Visits to other teachers* classroo^^ ott>ther scN^t^g . ' 
I. C*onfcfcni:es or meetings ari'ahgcd by science 

, teachers' assbci^tidh. .;..,.:,..:...-..:,:.:':::- 

m.. Visits lb ihdustfiw*: : w: ..... w 

n. Visits from industrial per^nncl 



•I ■ 



7i. <ien^lb 



> 

3 
3 
3 

3 

3 
3 
3 
3 

3 

s3 




3? 



2j|. <jencVaiiy. how willing w^uld you bt to participate in rfn in-service workshop iiv 
following circumstances: 



^ (a) during school hours if releasrlime was gi^^cii?. 



(Circle one) 

Definitely would not participate , . . - 1 

Probably would not participate .T - . , 2 




-0 
(f 

0 
0 
0 
0 

0 
0 

b 



ce education .under the 



Probably wou4d participate 3 

(pW _ __ si _ 

Definitely would participate ..^ 4 



t^^'V^'*-'"' ii^^^iJ t>titMiic^rtt .scht)(>j hours? ; * >/"'r>"'^ ft^ .^--r '' » ' 



.1 Definncbf^^i^tnia not participate I 

b [*rt>babl> wouhl nt)t participiite 2 

c Probabl> wtnild participate '. S 

il Oel)riitcK wt>ijlcJ participate ... . ! , ■ 



22: ijoSj niuc^MN^^-^rvicc cOitCiUiori per V you (eel voV4 require in ordcMii coritiriiic tJoirig.a good job of teaching 



(Cin le ofw) 
i 



a No5ic 

b ^ .*» hours (c g . iSne alternoon workshop) . '2 

c 5-20 hours (e.g.. scleral lull clays ot vvorRsht)ps) . . 3 

d. An intensive rclresher ct)ursc . , . . : ; 4 

e .A tuii %car awav from the claSsroora ! ^ 



2.V Mow ettcctivc i> the in-service program provided for science teachers in your school oj- district? 

(Cirde one) ^ 

.1 Nun-c.xisterit <^ 1 

b C'ompletglv inencctive ^ 2 

c l airiy ine^£^i%c S 

d- F airly cfl^^ve ^ . , . . . 4 ^ 

c Very a#iecti^c 5 - 



24. (yj ii >ou had a^choice. woiildAj^ou avoid teaching science altogclhcr;.* 

a Vc's r. Plcast go gri io part (b) of .this qucsiion 

; "^b \o . ...^ J! Piciisc go directly to Quesiioh 23; 

c. I 'fidccKlcd]^*^ V . Plclise directly to Question 25. ^ 

>."'^' . _ "v.. ;_ , . . ■ _ \ 

(b) It ■■VL•^*^ for which of the following reasons? f ^ ■ t 

(Circle all thh^p 

a. l ack of reiiourccs ., , .. . j jjj. 

,K lhad*!qritilc bacKgnuihd \ . \ . \ . . \ y. \ . . . . . \ \ . . . \ ] 2 

c"' Hislike of scjynce 3 

d. Working conditions ^.^ 4 

e Siudeni attitudes 5 

1. Other 6 




kcicnCpT 



)%pecial facilities for 



25. I'lease indicate ihe siJfricment ^Hat most clt)scly upphps to younsiluation. Jn gencralv f^cacK my j^j^cc cla^csr>^^ » 

a. Jn a laboratory or spcci«tl\"Bcsighcd science ' 

ri) o iri ...» 1 

,b.'lh a classroom with occasional access to 3 _ 
, laboratory , '. . ... \ . . . \ X . . \ \ ... .......... •2 

c. 1n;i'classri>t>m with facilities for demonstrations' 
only ... ^ . . : 3 

i ' <J 'J h as s r o o *i w^h n o % pec 
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2t. Which staicmcnls inosi closcK apply lo your silualion rcgardin]^ cguipmcni and supplies for teaching science? 

(Circle ail that apply] 

4. I Here x\ uhiplc equipmciu lor litudehi use ...l. . '. ! 

b 1 here is inc<pcn.si\c; ilonaied; or ouldulcd 

cqiJiprhcrit loi sjuOcht use ; . . 2 ^ 

c there is viriuully no equipmeni tor student use . . 3 

d I here IS iideq u. lie equipment lor 

demonsiruiion purposes 4 

cf I here is viriually no science equipment ai ull .... 5 *• 

1 I here urc sufficient cohsumahl^ rriatcriuls 
ichcrhiiy'uls. biological supplies. 

graph paper, cic.) 6 

g I here is access ji> conlputing iacilities \ . 1 

h I here IS adeq uaie audio-Visual equipment H 

27; Overall, How do >oii-raic the qua lily ol iHc facilities arid cquiprfieril available iri you (or teaching science? 

(Circle ime) 

a. Very poor I 

b. Poor ^. 2 

c. Ciood 3 

a; txcciiciit . . . , 4 



VI sTi nrNTS' ^BiriTiE.s iL interests 

28! What is your pcrccptiori of your studcrits' attitudes toward learning science this year'' 
I he majority of my students are: 

(Circle one) 

a Ready to drop science , j 

b Indifferent l 

c I- airly motivated 3 ; 

d Highly motivated 4 



29. -What is your perception of your students' backgrounds and abilities to Undertake the science courses you teach this 
year' 

'(Circle one) 

a Completely inadequate A 

b hairiy inadequate 2 

c, t airly adequate . .... ..................... 

d Completely adequate 4 

3d. W e are interested iri your pcrccjjtibri ofariy differcriccs iri attitudes arid ability (relatirig to sciirricc courses) bctwccri 
the bo\s and girls you teach. Please iridicate which statcriicrit cbrrespbrids riibst closely tb your cxpcricricc. 

(a) Attitudes 

(Circle one) 

a 1 he girls are more motivated than the boys I ^ 

b I sec no difference in motivation 1 * ■ 

^ - . f 

c The boys are rtibrc motivated thari the girls : : : : ; 3 



9? 



(b) Abihiv 



0i 'ircU' one) 

a I he g«rls have greater abiliiy than the boys 1 

b I sec no diUcrcriL'c in ability 2 

c. I he boys have greater abihty than the girls ?i 

/ 

y\. Please esiiniate how many of y our siiidents engage in each of ihe foMowing activities. 

(Ct rcTe one oh each Tine) 



Very few 
1 



Aboiil half 
2 



Very jriany 

-J 



I dor^ 



A sLieiiLC fair project . . . . ^ 

Nlembcrship in a sciencc-related|tlub 

A visit to a museum or science ceni rc 

during ihe pasi year 

Kcgijlarly read a scichce-r-elatcd rriaga/ine or booR 

Hfgularlv watch a science-related I V show 
(or listen to a radio show) 

Cursue act iv civ a scientific hobbv 



4 
4 

4 
4 

- 4 
{ 4 



VII INSTITl TIONAI. ARRANGEMENTS 

M. Siibic'cts 'light '. 
in) Which statement most eloscly (describes youi" teaching siluanoh:* 

(Circle one) 

a. i teach only science subjects 1 

h I ieach both science and maihemaiics 2 

c I teach a variety of subjrcts of which science 

is only oiie ....... . \ ... \ . W . \ \ \ . \ \ ... \ ... . } 

(b) 1 his yi:ar. most of my time is spent in teaching: 

- (C'lri lf one) 

a Phvsics I 

h. C hemistry ". 2 

c Hioli^gy ' jl '. 

d l arth science 4 

^ e. Other science suhiects 5 

1. Non-science subjects- 6 

.V^. Teaching I oad 

^ (a) How ri^any different grades do you teach this year altogether? 

J J " ' . _ . . . _ 

(Circle one) 

ii. 1 o h I V . ... y. I ^ ' 

b. 2 2 

c. y ' 3 

d. more than 4 



B8 
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(b) How man> dillc^cni classes do y^^u icach this year aiiogcihcr? - * 

(C'trVfe one)' 

a. 1 only ,. . . . \ * 

H. 2-3 ................... ........... 2 

e; more ihan 3 3 

(c) Whai IS the average number ot stuje-nis in your classes? * 

(CircU' (fnt') 

a 2{) or less ; r I 

b :i-:5 :: ; : : i ■ ■ ■ 2 

c. 2b'H) - 

J 31-35 > 4 

' e over 35 5 ' » 

.M. I his question concerns your assessment vif the amount of time allocated to science at the level at which you teach. 

(a) How adequate is the amount o^timc allocated to science ( based on your view of its importance relative to the 
other subjects ot the curriculum)' 

(Circle one) 

a. Inadequate I , ' 

b. About right 

c: Adequate 3 ^ ^ 

(b) How mucb time* do you have to cover science courses ' 

(Circle one) ^ _ 

a. Too littic time 1 \ 

b. Just crwugh time ^ 2 

c. More than chough time 3 



Vill C OMIVil NITY & PROFESSIONAL SUPPORT 



With rclercnce'to the science program iri ^our .vr/i<>(f>/. which of the roUbwirig best describes the form of leadership 
which exists* _ _ . ' | 

(Circle one) ' 

a. I here is a specially designated department 

head f or science i 

b l eadership and coordinaiio_n arc caj"ricd out 

by a working group of teachers in the school 2 « * 

c l eadership and coordination arc carried out 

by the principal or vice-principal 3 

d. bur school's science program has no ' " 
particular form of leadership ..4 

e. I don't know ......... \ 5 



/ 

36. VViih rcicretuc to Ihc science program in your ihstnci haarj , which ot ihc toliowing bcsi J^nbcs ihe form of 
icaticrship ih.il exists' ' ^ 



f ( '\r\ Ic 

.1 1 here. IS it special.K designaied science 
consiihani; coDrchnator; 

or siiper\isi)t ti)r science \ \ '. \ . 1 

h ! eailership and coorcJjn;Hu>n are carried out. 

by a vM>rkin^ group ol leacheTs m the district .... 2 

b\ i)iie ot the school district superintendcnis 1 

d i fieic is ni) parlicuiar lorrn ot jeadership 

in science at the liistrict if\^ 4 

e I iloii t Khou . . . . 5 



37. Mi>\i jriipoifatit do i.<>/> tHihk.v iiriDUs admihistriiiors lihd inemhers Vt\ I he cummiiniiy consider scienceio be relative 
to ihe ofhei siibjC-Lts in tHesCliool tiJrriculurii * 

a ^ 

^ - (i irdi' (uw on i'ai h linf) " 

l ess I qualK Mure j don't 

iniporiani important imporlanl know 

^——4-^- ^ .4 

a ^ mir st hnt)| priiicipal . : I - 2 V 4 

b Scfioi)l board administrators I 2 3 M 

c i\i rents I 2 3 . 4 

(\ \ Tiistees ' j 2 S* 4 

J ['1''U>- h_0^>\rh_'_'^M^-'^'''''5*'T''..'.h'iJ )>HUs on the rule ol industry in |iro\idini» siippt>rt tor the work ot science 
tc.icheis W c ate most mtp^csied m ct)llecting teachers' mcws abi)Ui this matter. 

■ ' V , 

38. What cVperiCru'es h.i\c U)U liaci ol the invohement oj ini^ustry w ith scht)ol science teaching.' * 

« fCin /f (ill thai uppl\ ) 

A l'n>visii)n i)t ciirricuUnn inaienals ^ 1^ 

K h in.incia j support oi )fe i\ it les such science ^ 
lairs ^ 2 

C V isils to iridiisir\ \ . . . . . \ \ . \ \ . . . . . \, -^^ 

d \ isits h\ industria^pcrsonnel to schi>ol . . 4 

e l'ri>visiori ol career inlorni.ition 5 

t Other e\periences 6 

' g Ni) particular experieiice ! . . ! 7 *^ 



In voiir jULlgernent. arc the ct)nt ribui n)ns made h\ industr> to science teaching 

fC iri Ir i>nr) 

a in tfic interests ol ttie industry e\clusi\el> ' I 

h mostlv in tfie interests ol the industry * 2 . " 

c equall) heiplul to both indiistry and schut)!.* } 

i\ designed primarily to assist schools'^ 4 ^ 

c matters \ ()u have no ()pimon about ' 5 



r 



40. i)o viui bciicvt: thai it is dppropri.itf tor mtliisiiv io he itivoKcd in slumkc L-duciiiiori iit ;UI'* 

'a V^s :: » 



h No 

L No opinion 



IH ASK vol VFHV Mr( H KUH ( ()M?i;KTIN<; THIS QM-^iTIONN AIRK. 

It voii have not .lircaJv iYoWc so. make sure thai wnir responses arc rt-cordcd- on. t he separate rcspuhsC sheet 
provulcti. then sc.il it in the cnvflC'pc:. and leiiirn li io ihe person \vho gave it to yoii Wc do not heed t he qnc^tioritiaire 
itscll tt) he returned 
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SCIENCE COUNCIL OF CANADA^ 
SCIK^^CE EDUCATION STUDY 
.A Qaestionniire for Teichers of Science 



RESPONSE SHEET 



4- 



_yyty_^*'7''f'/!^_>'^Vy/!_/_<'V'/_'''^</^ t^^ropnoit' num^e^ on this sheet, as_clearty 

l^. P*'A^Jph\ H<!^L QJJt^^Hf^ns require onty rcqxmse onty. Hi )w ever, a few, marked with an asterisk (*}. may 
haw multiple responses. 



INFORMATION 



U) 1 


: } 


•1 " ; 


(h) 1 


T 


3 


4 


0 


(h) 1 


T ■{ 


4 0 


(1) 1 


T 




4 


0 


(c) 1 


T ^ 


4 b 


(J) 1 


2 


} 


4 


b 


(d) i 


T ^ 


4 0 


(kj i 


T 


.1 


4 


d 


ic) 1 




4 0 


(I) 1 


2 


^ 


4 


0 


(0 1 




4 0 


(m) 1 


2 




4 


0 


(K) 1 




4 () 


(n) 1 






4 


b 



(b) 

(c) 
(d) 
(c) 
(0 



i 




















: } 
















2 } A ^ 










nor' 


4 














(11) 


< 




: ^ 4 










(12) 


( 


I RRK 


M M iL INSTRt'C TION 
















2 3 4 


(h) 1 


T 


3 


4 


(13/20) 




1 




(1) 1 


T 


3 


4 


(14/21) 




(L-i j 




(J) i 


T 


3 


4 


(15/22) 




m 1 




a) 1 




3 


4 


(16/23) 




(c) 1 




(1) 1 




3 


4 


(17/24) 




(1) I 




(m) 1 


T 


3 


4 


(19/25) 




(K) 1 


^ 4 


(n) j 




3 


4 


(19/26) 



For Office Ose Only 



(27/34) 
(28/35) 
(29/36) 
(30/37) 
(31/38) 
(32/39) 
(33/40) 

141) 
(42) 
1^3) 
(44) 
(45) 
(46) 
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Ill ( I RRK n I M RKSOI RC tjS 

(ai i 
(hi i 

HI (c. 

it) 



(hi j 
h 



|h) 
(1) 
(I) 

(M 
(I) 

(rn) 



10 II i: \y 



II i :i ) 1 




t 4 


(g) 1 ^ 


\ 4 


(65/71) 


(h) 1 




< 4 


(h) 1 : 


< 4 


(66/72)' 


(<-) 1 




\ 4 


(.) 1 I 


< '4 


(67/73) 


(d) 1 




^ 4 


(J) 1 : 


\ 4 


V. (68/74) 


: (ct i 




^ 4 


(k) 1 : 


Y 4 


(69/75) 


(U 1 




^ -i 






(70) 


i: (a) I 










(76) 


ihi i 




1 4" 5 6 ■ 


> 




(77) 


Ul 1 




1 4 5 f. 






(7'8)" 


n (a) 1 




i 






(79) 


_(hi i 










(80) 


ui 1 










(81) 


(dj 1 




\ 






(82) 


(c) 1 




\ 






(83) 



jV TFAt lUK BA( K(.ROl ND Sl KXPKRIFNt ^: 

14 12^4^67 



(H) 



(47/54) 

"(48755) 
(49/56) 
(50/57)' 
(51/58) 
(52/59) 
(53) 

(60-61) 

(63-64) 



(84) 

(85) 
(86) 
(87) 
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and Sampling Errof 




Samplirig Computations * 

The Qse of probability sampling allows calculation both of unbiased es- 
timates of population i:haracterisrics arid of samplirig errors associated 
with those estimates. The purpose of this sect'ibri is to review technic.il 
aspects of the sample selection arid weighting procedures 

Sample Selection ^ , ^ - 

The procedures used for sample selection are outlined in general terriis^ 
in chapter I of this report: What follows is a riiore detailed accourit 61 
how s.fmple'' sizes were calculated and an illustratidri of their use in se- 
lecting a typical sample Sample sizes were calculated for each teaching 
level (early, middle and senior years) accbrdirig to bur requirernents for 
data reliability The size of each required sariiple (ri^) is given by the fol- 
lowing formula: 



whert d := error acceptable in estiriiates , , 

p proportion of teachers havirig a given characteristic 

^ _ ^ ^ " P - ^ * . . £ 

Since p was unknown, it was taken to be 0.5, giving a maximum 

value and ensuring a large enoi^gh sample size. Alsojas noted in chap- 
ter i; notes 3 and 7) d was taken to beV.05 at the regional ievel and 0.1 at 

the provincial level, both at a 95 per cent confidence levek ; 

If n^, thus calculated was fburid to be greater than^ve per ceAt of 
the population (N), a revised sariiple size (n') was determined using the 
following finite pbpulatibri cbrrectibn factor: 



(2) 



1 -f n^/N 



Fmally, another cbrrectibn factor was applied to adjust for the an- 
ticipated nbrirespbrise rate. Using the following formula: 



ri " = ri^ (or n ) — expected |^ponse rate (0.8) (3) 



where n " is the sam^ size used for the next stage of the saniplirig 



process. ^ 
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It was decided to sample elementary schools (defined for this pur- 
pose as those schools comprising kindergarten to grade 6) on the bf^is of 
the required numbers of early-years teachers, and to sample secondary 
schools (defined for this purpose as those comprising grades 7 to 13) dri 
the basis of the total nurnberpf teachers required for both nriddle and 
senibr years. (See chapter I, note 8 for a fuller version of this definition 
of "elementary" and "secondary.") 

For every province and territory, a list of schools was available 
which showed the range of grades taught and the number of teachers 
employed. Oh the basis of these lists, all schools were classified as either 
elementary or secondary. In the case of elemeofary schools, all teachers 
^were regarded as potential respondents, while in the'case of secondary 
approximately ohe^fifth of the teachers were so considered. 
The following general example illustrates the procedure that was used 
to sefect a sample. 

Suppose that, in a given prdvince, the calculation dfcribed abbvTe 
. showed that^ sample of x early-years science teachers was required. 
Using the average number of teachers per school in that province, it was 
estimated |hat y elementary schodls would be required iii order to ob- 
tain a sample of x science teacher's. Following a random start, every zth 
school on the list was selected (where z is the total number of eljemeri- 
tary schools in the province divided by y)t Finally the total number of 
teachers in the selected sample of y schools was checked to ensure that it 
was greater than or equal to x. If this was fduiid not to be t|ie tase, the 
selection procedure was repeated until an adequate sample was 
obtained. 

Weighting - , ':' 

As explained in chapter I, a system of disprbportibhate sampling suCh as 
^^'^^'"^^^ requires a cbrresjpbhdirig system bf weighting of each 

teacher's responses in order, that final estimates reflect the balance bf the 
original population; The weights assigned to the responses bf teachers in 
this survey were determined on the basis bf the pJrbbabilities bf the 
teachers' being selected: The probability of selecting a given teacher is 
the product of the pro^babiHty of the teacher's school being selected and 
the probability of selecting a science teacher within that school. In the 
present survey, since ail science teachers within selected schools were, 
requested to respond, this latter probability was intended to be 1. The \ 
weight assigned to the responses of a given teacher is, then, the recipro- ) 
cal bf the probability of his or her being selected. 

Additional weight was given to take into account nonresponse by 
both teacher arid scbbol. The final weight used for a particular set of re- 
sponses thUs cbhsisted bf the product of three components: 

• the inverse of the probability of the school being selected: 

• the inverse of the school response rSte; 
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• the inverse of the teacher 'response rate (within respondir»g 
schools). 

Weights are thus dependent on the province and type oF school (ele- 
mentary/secondary) but independent of the teaching level (early/ 
' middle/senior years) within a given school. The formula For calculating 
weightis For teachers at elementary schools is as Follows: 

h% ... 
.w„ — ^ X -7-^ ^ 
m^ n ^ 



where w^ = weight assigned to teachers From elementary 
schools o_ 
~ total number oF elementary schools in the province 
nip ~ number oF elementary schools responding to 
survey* 

ri p = riuriiber oF teachers at elementary ischools given a 
questionnaire* 

ri p ~ riuriiber oF teachers at elementary schools respond- 
ing to survey* 
For secondary schools, a corresponding Formula is used; 

Calculation oF Eslimales . - V 

To this point, all calculations have beeri based bri the two levels oF 
school - elementary and secbridary - which cbristituted bur sampling 
Frame. However, the estiriiates had tb be expressed in terrris oF the three 
teaching levels - early, riiiddle arid seriibr years - by which the other 
parts of the study are structured. In respbridirig to the survey, respond- 
ents classified theriiselves iritb these three categories, and when these 
data were analyzed, it was Fburid that early- and middle-years teachers 
wc?rc? located in bbth elementary and secondary schools while senior- 
years teachers came exclusively From secondary schobis. This Factor re- 
quired that special calculations be undertaken to prepare balanced 
estiriiates For the three teaching levels. First, however, it v^as necessary 
tb estimate the populations oF teachers at each school level in each prov- 
ince. The Formniae For calculation of weights can be used for this 
purpose also: As an illustrati9n, the Formula For the population of early- 
years teachers at elementary schools in a given province is as follows: 

Np Wpnp (5) 



• jnJicdtcs infornuition collected from the control forms completed by principals 

no IQB 



where = number of early«ycars teachers at elementary 

, schools 

= weight assigned to teachers from elementary 
schools 

= number of early-years teachers at elernentary 
schools responding to survey 

A corresponding formula may be used for estimating the number of 
early-years teachers at secondary schools (Nj), and the total number 
of early-yeJrs teachers in the province (N^) is then the sum of hsl^ and 
N-^. Similar calculations may be made for the populations of teachers at 
the middle- arid seriibr-years levels 

Estiriiates (in the form of percentages) for each response and teach- 
irig level cari how be calculated. As an example, consider the data result- 
ing frdrri a particular response by early-years teachers in a particular 
province. To deterriiirie the propdrtiph of early- years teachers in that 
province who respdrided iri a particular way_, the proportions of early- 
years teachers from elemeritary schools arid frorii secondary schools are 
computed separately arid theri cbriibiried to form the net proportion. 
Specifically, the propdrtibri of early-years teachers from elementary 
schools responding td a questibri iri a specific way (p^J is given by the 
following formula: 



where a- = total number of early-years teachers in elemeritary 
schools responding in the specified way 
np total number of early-years teachers in elementary 

schools responding to tlie survey 

The proportion of early-years teachers iri secbridary schbbls responding 
in tlio specified way (pj is calculated iri a parallel niaririer. The com- 
bined proportion (p^) is then determined as follows: 



p. - ^^P^ ^ ^^P^ (7) 



wlrorc N,. - population of early-years science teachers in ele- 
meritary schools 
- population of early^-years scieric(? teachers in sec- 
bridary schools 
N|; = pbpulatibri of early = years sc ience teachers in the 
proviric.e 

1 



III 



Estimates For the middle years are calculated in an identical manner, 
while those for the senior, years are simpler because they in^ve re- 
sponses From secondary schools only. 

Once provincial estimates are constructed as described here, it is 
possible to calculate national estimates also, tontinaing the same exam- 
ple, the overall propbrtibri of early-years teachers in Canada responding 
in the specified way to a particular question (Pr^n) given by the Fol- 
lowing Formula: 

- - J. 

where pj, = estimated proportion oF early-years teachers in 
province K responding in the specified way 
Nj^ = population oF early- years science teachers in prbv- 

ince K - 
^can = population oF early-years science teachers in 
Canada 



Sampling Errdf Estimation , 

Every piece oF ihFbrmation inFerred From a sample is subject to sampling 
error. It is important to check that the errors due to sampling are hot so 
large as to invalidate the results: The variance and standard error of an 
estimate are used to express sampling errors and, in the case of our sur- 
vey, both have been calcolated From our sample data. 

The variance oF a proportional estimate based oh responses frbiri 
elementary schools, var(p^j, is given by the FblldvN^ng Formula: 

var(pe) [m^-lj 

nie 1 

^ + Pi ^ - 2pe 2: a^j n^j 

where Fe = m^ / 

a = number oF teachers who responded in the jth ele- 

e\ _ _ _ 

mehtary school in a particular way 
hpj =: number oF teachers who responded in the jth ele- 
mentary school 
j = 1, 2, 3, : : :, 

A cbrrusponding variance can be caicuiated for a proportion based on re- 
sponses From secondary schools. The overall variance of the prbpbr- 
libnal estimate var(p) is then given by the formula: 
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var(p) = { §f var(p,) -f ^g^^ var(p,j ^ (10) 



N 

The Standard etrbr of p is given by the following formula 



s:e:(p) = ^var(p) (11) 



The variance of a proportional estimate at the national level, p^^^, is de- 
termined by use of the following formula: 

12 /Np Y 
var(p^^„) = 2 var(pi,) (12) 

k=l y^can^ 

where Nj^ = population of science teachers at a given level in 
province K 

^can - poputetion of iscience teachers at that level in 
Canada 

The standard error of p^^^ is given by the formula: # 



'■'■^KJ = N/-r(p,,J ■ (13) 

The range of standard errors calculated in this way for national esti^ 
mates in this survey is presented in Table 1.5 of this report. 



Reliabiiity of fhe Data 

The concept of standard error described Jiere is the basis for^determiriihg 
the reliability of the estimates. It is Used to compute a cbhfidehce inter- 
val at a specified level of probability. For example, for a 95 per cent 
probability level, there is a range afoUnd*the true population value 
within^ which estimates from repeated samples can be expected to lie 95 
per cent of the time: This range or confidence interval can be calculated 
using the following formula: 

p = ± 1:96 X s:e: (14) 



The relatively small standard errors in our survey mean that the confi- 
dence intervals are correspondingly narrow and that the national esti- - 
mates have a relatively high degree of reliability. 
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Notes 



1. Survey Objectives arid Methodology 

1 The six regibris arc: Atlantic Canada, Quebec, Ontario, Prairies, British 
Columbia and the Northwest Territories. ** ^ 

2. Estimates were produced from teacher census data collected annually by 
the Elementary-Secondary Section of the Education, Science and Culture Divi- 
iiiori of Statistics Canada: • __ 

3. We wanted regional estimates to be within five per cent, 95 per Cent of 
the tirtic. ^ , 

4. We anticipated a response rate of 80 per cent after follow-up - that is, 
after teachers had been contacted a. second or third time. 

5. We assumed that the^desigh effect, defined as the ratio of the variance of 
the estimate given by <5ur sampling plan to the variance of the estimate given by 
a t;imple random sample of the same size would be equal to 1. ThU assumption 
was made because there was no reason to believe that responses of teachers 
within sampled schools would be highly correlated for thesort of topics covered 
in the questionnaire. Had there been a high degree oT sijnilarity in the respori^^^^ 
of teachers from the same sChOOl, the effect would have been to inflate the van- 
aace of estimates, resulting in an increased ratio of variances and thus a design 
effect greater than 1. 

6. Ten thousand questionhaires was set as a rhaxirrium [ 

7. We wanted provincial estimates to be within 10 per cent, 95 per cent of 
the time. 

8. For the purpose of sampling, schools were classified into two catego- 
ries - elementary or secondary - dependihg on grade range of each school. 
We defined elementary schools as those schools containing grades kindergarten 
to grade 6 and secondary schools as those schools containing grades 7 to 13. 
Schools having both elementary and secondary grades, especially interjnediate 
or middle schools, were placed into the category corresponding to the majority 
of its grades. Schools containing all grades (kindergartenjhrough grades 12 or 
13) were considered as secondary schools for sampling purposes. This procedure 
enabled us to obtain an adequate sample of middle-years teachers Owing to the 
higher sampling ratios used for secondary schools. 

9. The basis for classifying schools as urban or rural is the "n\€tropolitan/ 
riohrrietropOlitan indicator" used by Statistics Canada. This indicator identifier 
2b communities in Canada as urban centres. 

10 To estimate the number of science teachers in schools, it was assum^^ 
that teachers in elementary schools are generalists (thaHs, that they teach a va- 
riety of subjects) and are expected to teach some science as a part of their teach- 
ing assignment. Thus, every teacher Was considered a potential respondent to 
our survey. In secondary schools, however, where most teachers are sdehce spe- 
cialists, we assumed that roughly one-sixth to one-quarter of the teachers 
(depending on the grade range of the school) teach science and were therefore 
potential respondents. 
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